Diamond Bar Portfolio Summary Report
Springs Stewardship Institute

1. Aksahs Garden Spring, 6/05/19	2
2. Cane Springs Up, 4/10/14	8
3. Diamond Bar Lower Grape Vine Spring, 6/11/14	16
4. Diamond Bar Trib Spring, 5/27/14	23
5. Diamond Bar Upper Grape Vine Spring, 6/11/14	28
6. Dry Knife Spring, 6/05/14	34
7. Fish Hooks Steer Spring, 5/29/14	39
8. Fishhooks Double Trough, 4/24/14	46
9. Fishhooks Fissure Springs, 4/25/14	55
10. Fishhooks Tweener Seep, 7/08/14	62
11. Keystone Dam Spring, 5/28/14	68
12. Lower Cane Springs, 4/22/14	75
13. Rattlesnake Spring, 6/03/14	80
14. Sam Canyon Corral Spring, 6/04/14	83
15. Sam Canyon Corral Spring, 9/14/15	95
16. Sam Canyon Corral Spring, 8/02/16	96
17. Sam Canyon Corral Spring, 6/04/19	97
18. Van Winkle Spring, 6/04/14	100
19. Walnut Cleave Spring, 7/09/14	103
20. Walnut Tributary Seeps, 7/07/14	110



[bookmark: _Toc1]1. Aksahs Garden Spring, 6/05/19
1. Aksahs Garden Spring, 6/05/19
Survey Summary Report, Site ID 251013
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Aksahs Garden Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Gila District Safford Office, in the Bylas USGS Quad, at 33.24893, -110.04924 (WGS84). The elevation is approximately 1285 meters. Jony Cockman, Heidi Blankenship, Blake, and Durita surveyed the site on 6/05/19, and collected data in 7 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 1.1 Aksahs Garden Spring: Overview of the wet channel.

Physical Description: Aksahs Garden Spring is a rheocrene spring. This spring emerges from within a steep canyon. Aksah Garden is located at the lower end of the canyon, approximately 1.5 mi from the opening, and exhibits perennial lotic flow near the Fish Hooks Wilderness. This site is of cultural significance. The site has 3 microhabitats.
 
Table 1.1 Aksahs Garden Spring Microhabitat characteristics.
	Code
	A
	B
	C

	Name
	Wet Channel
	Overflow
	Bench

	Surface type
	CH
	CH
	TE

	Surface subtype
	
	margin
	

	Slope variability
	Low
	Low
	Low

	Aspect TN
	9
	9
	9

	Moisture (scale 1-10)
	10
	5
	1

	Substrate
	
	
	

	1 - Clay %
	2
	0
	15

	2 - Silt %
	2
	0
	15

	3 - Sand %
	19
	0
	40

	4 - Fine gravel %
	19
	0
	5

	5 - Coarse gravel %
	24
	5
	5

	6 - Cobble %
	15
	5
	15

	7 - Boulder %
	9
	10
	5

	8 - Bedrock %
	5
	0
	0

	Organic %
	5
	80
	0

	Other % (anthropogenic)
	0
	0
	0

	Precipitate %
	0
	0
	0

	Litter %
	10
	60
	65

	Wood %
	5
	10
	20

	Litter Depth (cm)
	.5
	50
	5



Geomorphology: Aksahs Garden Spring emerges from a metamorphic rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 92% of available solar radiation, with 6488 Mj annually.

Survey Notes: This site is in near pristine condition. The ground plant cover includes Equisetum and orchids. There has been no grazing for several years. This site is difficult for cattle to access but not impossible. 

Flow: Surveyors measured a flow of 0.014 liters/second, using a timed flow volume capture method. This spring is ephemeral. 

Water Quality: The water depth was 13.03 cm. 



Table 1.2 Aksahs Garden Spring Water Quality Measurements.
	Characteristic Measured
	Value
	Location Number

	Dissolved Solids (field) (ppt)
	0.525
	1

	pH (field)
	7.93
	1

	Salinity (field) (ppt)
	0.36
	1

	Specific conductance (field) (μS/cm)
	740
	1

	Temperature, water C
	23.8
	1



Flora: Surveyors identified 41 plant species at the site. These included 32 native and 4 nonnative species; the native status of 5 species remains unknown.  

Table 1.3 Aksahs Garden Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	21
	6

	Shrub
	18
	6

	Mid-canopy
	8
	5

	Tall canopy
	2
	2

	Basal
	12
	8

	Aquatic
	0
	0

	Non-vascular
	1
	1



Table 1.4 Aksahs Garden Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C

	algae
	NV
	N?
	A
	Filamentous
	10
	0
	0

	Aloysia wrightii
	SC
	N
	U
	
	0
	0
	1

	Artemisia filifolia
	GC
	N
	U
	
	0
	1
	1

	Baccharis salicifolia
	SC
	N
	R
	
	5
	5.5
	0

	Baccharis sarothroides
	SC
	N
	R
	
	0
	0
	1

	Berberis
	SC
	
	
	
	0
	0
	5

	Brassicaceae
	GC
	NI
	
	
	0
	1
	0

	Bromus rubens
	GC
	I
	U
	
	0
	0
	5

	Celtis reticulata
	BC
	N
	F
	
	0
	0
	1

	Celtis reticulata
	SC
	N
	F
	
	0
	0
	5

	Cylindropuntia imbricata
	SC
	N
	
	
	0
	0
	0.1

	Cynodon dactylon
	GC
	I
	F
	
	0.5
	0
	0

	Dasylirion wheeleri
	SC
	N
	
	
	0
	0
	1

	Equisetum
	BC
	N
	WR
	
	60
	0
	0

	Equisetum
	GC
	N
	WR
	
	0
	60
	0

	Ericameria laricifolia
	SC
	N
	U
	
	0
	0
	2

	Erigeron divergens
	GC
	N
	F
	
	0.1
	0
	0

	Fabaceae
	GC
	NI
	
	
	0
	1
	1

	Galium
	GC
	N
	
	
	0.5
	0
	0

	Juglans major
	BC
	N
	R
	
	0
	5
	1

	Juglans major
	MC
	N
	R
	
	0
	20
	5

	Juglans major
	SC
	N
	R
	
	0
	10
	10

	Juniperus monosperma
	BC
	N
	U
	
	0
	0
	15

	Juniperus monosperma
	MC
	N
	U
	
	0
	10
	15

	Juniperus monosperma
	SC
	N
	U
	
	0
	5
	30

	Lactuca
	GC
	
	WR
	
	0
	1
	1

	Lupinus
	GC
	N
	F
	
	0
	1
	0

	Mimulus guttatus
	GC
	N
	WR
	
	2
	0
	0

	Muhlenbergia rigens
	GC
	N
	U
	
	2
	10
	2

	Opuntia phaeacantha
	SC
	N
	U
	
	0
	0
	1

	Orchidaceae
	BC
	N
	WR
	
	10
	0
	0

	Orchidaceae
	GC
	N
	WR
	
	10
	20
	0

	Phacelia
	GC
	
	U
	
	0
	0
	2

	Platanus wrightii
	BC
	N
	R
	
	5
	5
	0

	Platanus wrightii
	MC
	N
	R
	
	15
	20
	20

	Platanus wrightii
	SC
	N
	R
	
	0
	15
	10

	Polypogon monspeliensis
	GC
	I
	WR
	
	1
	1
	0

	Populus fremontii
	BC
	N
	R
	
	0
	2
	0

	Populus fremontii
	MC
	N
	R
	
	0
	10
	0

	Populus fremontii
	SC
	N
	R
	
	0
	2
	0

	Populus fremontii
	TC
	N
	R
	
	0
	5
	0

	Prosopis velutina
	BC
	N
	F
	
	0
	5
	1

	Prosopis velutina
	MC
	N
	F
	
	10
	15
	10

	Prosopis velutina
	SC
	N
	F
	
	0
	10
	10

	Prunus
	SC
	
	F
	Cherry
	0
	0
	1

	Quercus chrysolepis
	BC
	N
	F
	
	0
	0
	2

	Quercus chrysolepis
	MC
	N
	F
	
	0
	0
	2

	Quercus chrysolepis
	SC
	N
	F
	
	0
	0
	5

	Rumex acetosella
	GC
	I
	F
	
	0
	1
	1

	Salix gooddingii
	BC
	N
	R
	
	0
	5
	0

	Salix gooddingii
	MC
	N
	R
	
	20
	20
	10

	Salix gooddingii
	SC
	N
	R
	
	0
	10
	0

	Salix gooddingii
	TC
	N
	R
	
	20
	20
	0

	Salvia
	GC
	N
	U
	Red
	0
	1
	0

	Scirpus
	BC
	N
	W
	
	1
	0
	0

	Sphaeralcea angustifolia
	GC
	N
	
	
	0
	0
	0.1

	Typha
	BC
	N
	A
	
	1
	0
	0

	unknown
	GC
	
	
	
	0
	3
	0

	Vicia
	GC
	NI
	F
	
	0
	1
	0

	Vitis arizonica
	GC
	N
	R
	
	0
	10
	5

	Vitis arizonica
	MC
	N
	R
	
	10
	0
	5

	Vitis arizonica
	SC
	N
	R
	
	5
	0
	5



Assessment: Assessment scores were compiled in 6 categories and 41 subcategories, with 1 null condition scores, and 1 null risk scores. Aquifer functionality and water quality are good with significant restoration potential (average condition score 4.8) and there is negligible risk (average risk score 1). Geomorphology condition is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Habitat condition is very good with excellent restoration potential (average condition score 5) and there is negligible risk (average risk score 1). Biotic integrity is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Human influence of site is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Administrative context status is good with significant restoration potential and there is negligible risk. Overall, the site condition is very good with excellent restoration potential and there is negligible risk. 

Table 1.5 Aksahs Garden Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	4.8
	1

	Geomorphology
	6
	1

	Habitat
	5
	1

	Biota
	6
	1

	Human Influence
	6
	1

	Administrative Context
	4.4
	1

	Overall Ecological Score
	5.4
	1



Management Recommendations: The surveyor recommends working with future permit users to keep livestock out of the canyon. The canyon needs to be included in the Fish Hooks Wilderness designation due the pristine condition of this site. Surveyors also recommend testing the water for heavy metals.
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Fig 1.2 Aksahs Garden Spring: The flow measurement location.
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Fig 1.3 Aksahs Garden Spring: The downstream channel.
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2. Cane Springs Up, 4/10/14
Survey Summary Report, Site ID 13508
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Cane Springs Up ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.19655, -110.03461 measured using a GPS (NAD83). The elevation is approximately 1107 meters. Jony Cockman and Samantha Sharka surveyed the site on 4/10/14 for 03:45 hours, beginning at 11:00, and collected data in 10 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 2.1 Cane Springs Up.

Physical Description: Cane Springs Up is a hillslope spring. This spring has been dug out to access the water.  Currently a pipe is flowing into a trough. The microhabitats associated with the spring cover 1780 sqm. The site has 3 microhabitats, including A -- a 480 sqm colluvial slope, B -- a 600 sqm colluvial slope, C -- a 700 sqm colluvial slope. The geomorphic diversity is 0.47, based on the Shannon-Weiner diversity index.

Table 2.1 Cane Springs Up Microhabitat characteristics.
	Code
	A
	B
	C

	Name
	Hillslope
	Lower hill
	Upper Hill

	Area sqm
	480
	600
	700

	Surface type
	CS
	CS
	CS

	Slope variability
	Low
	Low
	Low

	Slope degrees
	50
	90
	60

	Moisture (scale 1-10)
	9
	0
	0

	Water depth cm
	10
	0
	0

	Area % open water
	100
	0
	0

	Substrate
	
	
	

	1 - Clay %
	10
	10
	6

	2 - Silt %
	10
	10
	6

	3 - Sand %
	63.95
	19
	24

	4 - Fine gravel %
	5
	15
	14

	5 - Coarse gravel %
	5
	15
	14

	6 - Cobble %
	5
	20
	24

	7 - Boulder %
	1
	10
	10

	8 - Bedrock %
	.1
	1
	2

	Organic %
	0
	0
	0

	Other % (anthropogenic)
	0
	0
	0

	Precipitate %
	5
	0
	0

	Litter %
	80
	80
	60

	Wood %
	50
	60
	20

	Litter Depth (cm)
	6
	6
	2



Geomorphology: Cane Springs Up emerges as a seepage or filtration from a combination rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 13% of available solar radiation, with 951 Mj annually.

Survey Notes: This hillslope spring has been dug out to access the water. The site is currently in poor condition but the presence of tools indicates the rancher is working here. Bamboo (Arundo) has invaded the area. There is a 17-meter length of the hillslope that is characterized by horizontal seeps. 

Flow: Surveyors measured a flow of 17 drops/minute. This spring is ephemeral. 

Water Quality: Water quality was collected from pocket of water at the spring source.  TDS noted as 306 (no units recorded).




Table 2.2 Cane Springs Up Water Quality Measurements.
	Characteristic Measured
	Value
	Device

	Dissolved oxygen (field) (mg/L)
	3.69
	Hanna Hydrolab

	Dissolved Solids (field) (ppt)
	0.3
	Hanna Hydrolab

	pH (field)
	7.4
	Hanna Hydrolab

	Specific conductance (field) (μS/cm)
	529
	Hanna Hydrolab

	Temperature, water C
	17.97
	Hanna Hydrolab

	Turbidity (field) (ntu)
	14.07
	2100P Turbid



Flora: Surveyors identified 23 plant species at the site, with 0.0129 species/sqm. These included 17 native and 1 nonnative species; the native status of 5 species remains unknown.  

Table 2.3 Cane Springs Up Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	2
	1

	Shrub
	15
	3

	Mid-canopy
	8
	3

	Tall canopy
	0
	0

	Basal
	6
	2

	Aquatic
	1
	1

	Non-vascular
	1
	0



Table 2.4 Cane Springs Up Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B
	C

	Acacia greggii
	MC
	N
	F
	0
	0
	5

	Acacia greggii
	SC
	N
	F
	0
	0
	3

	algae
	AQ
	N
	A
	0.05
	0
	0

	Anemopsis
	BC
	
	
	0
	0
	0.05

	Arundo
	BC
	
	
	2
	0
	0

	Arundo
	SC
	
	
	5
	0
	0

	Baccharis
	BC
	N
	R
	0
	0.05
	0

	Baccharis glutinosa
	SC
	N
	F
	0.05
	0
	0

	Baccharis sarothroides
	BC
	N
	R
	2
	0
	0

	Baccharis sarothroides
	SC
	N
	R
	5
	0.05
	0

	Berberis
	SC
	
	
	1
	1
	0

	Bromus rubens
	GC
	I
	U
	10
	5
	0

	Celtis laevigata
	MC
	N
	R
	30
	12
	1

	Celtis laevigata
	SC
	N
	R
	20
	5
	0

	Juniperus
	SC
	N
	U
	0
	0.05
	0

	Larrea tridentata
	SC
	N
	U
	0
	0
	0.05

	Lycium
	SC
	
	U
	7
	2
	1

	Mimulus guttatus
	GC
	N
	W
	0.05
	0
	0

	Nicotiana
	
	
	
	0
	0.05
	0.05

	Phoradendron
	MC
	N
	
	0
	0
	5

	Prosopis velutina
	MC
	N
	F
	3
	3
	10

	Prosopis velutina
	SC
	N
	F
	2
	2
	5

	Quercus emoryi
	MC
	N
	
	5
	5
	0

	Quercus emoryi
	SC
	N
	
	5
	15
	0

	Rhamnus californica
	BC
	N
	WR
	10
	1
	0

	Rhamnus californica
	MC
	N
	WR
	10
	1
	0

	Rhamnus californica
	SC
	N
	WR
	30
	5
	0

	Rhus trilobata
	SC
	N
	F
	0
	0.05
	0

	Salix gooddingii
	MC
	N
	R
	2
	0
	0

	Salix gooddingii
	SC
	N
	R
	1
	0
	0

	unknown Bryophyte (moss, liverwort, hornwort)
	NV
	N
	F
	0.05
	0
	0

	Ziziphus obtusifolia
	BC
	N
	
	0
	0
	5

	Ziziphus obtusifolia
	MC
	N
	
	0
	5
	10

	Ziziphus obtusifolia
	SC
	N
	
	5
	10
	10



Fauna: Surveyors collected or observed 3 terrestrial invertebrate taxa and 7 vertebrate taxa.

Table 2.5 Cane Springs Up Invertebrates.
	Species
	Lifestage
	Habitat
	Method

	Diptera
	A
	T
	Spot

	Hymenoptera Apidae
	A
	T
	Spot

	Hymenoptera Sphecidae
	A
	T
	Spot

	Lepidoptera
	A
	AT
	Spot



Table 2.6 Cane Springs Up Vertebrates.
	Vertebrate Species Common Name
	Detection

	mourning dove
	obs

	Gambel's quail
	obs

	Northern Cardinal
	obs

	house finch
	obs

	lesser goldfinch
	obs

	rufous-crowned sparrow
	obs

	lizard
	obs








Assessment: Assessment scores were compiled in 6 categories and 40 subcategories, with 2 null condition scores, and 0 null risk scores. Aquifer functionality and water quality are moderate with some restoration potential (average condition score 3.7) and there is undetermined risk due to null scores (average risk score 0). Geomorphology condition is good with significant restoration potential (average condition score 4.3) and there is undetermined risk due to null scores (average risk score 0). Habitat condition is good with significant restoration potential (average condition score 4.4) and there is undetermined risk due to null scores (average risk score 0). Biotic integrity is excellent with no need for restoration (average condition score 6.6) and there is undetermined risk due to null scores (average risk score 0). Human influence of site is good with significant restoration potential (average condition score 4) and there is undetermined risk due to null scores (average risk score 0). Overall, the site condition is very good with excellent restoration potential and there is undetermined risk due to null scores. 

Table 2.7 Cane Springs Up Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition

	Aquifer Functionality & Water Quality
	3.7

	Geomorphology
	4.3

	Habitat
	4.4

	Biota
	6.6

	Human Influence
	4

	Administrative Context
	5.8

	Overall Ecological Score
	4.9



[image: ]
Fig 2.2 Cane Springs Up Sketchmap
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Fig 2.3 Cane Springs Up: Notes on soil and spring piping.

[image: ]
Fig 2.4 Cane Springs Up: Notes on soil and spring piping.
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3. Diamond Bar Lower Grape Vine Spring, 6/11/14
Survey Summary Report, Site ID 236541
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Diamond Bar Lower Grape Vine Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.23385, -110.04131 measured using a GPS (NAD27, estimated position error 5 meters). The elevation is approximately 1198 meters. Kyle Tate, Aaron Beckworth, and Shawn Nelson surveyed the site on 6/11/14 beginning at 13:00, and collected data in 10 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

[image: ]
Fig 3.1 Diamond Bar Lower Grape Vine Spring: The bedrock falls (microhabitat E).

Physical Description: Diamond Bar Lower Grape Vine Spring is a rheocrene spring.  The microhabitats associated with the spring cover 1905.06 sqm. The site has 5 microhabitats, including A -- a 119 sqm channel, B -- a 224 sqm channel, C -- a 66 sqm channel, D -- a 986 sqm channel, E -- a 511 sqm channel. The geomorphic diversity is 0.54, based on the Shannon-Weiner diversity index.
Table 3.1 Diamond Bar Lower Grape Vine Spring Microhabitat characteristics.
	Code
	A
	B
	C
	D
	E

	Name
	Upper willow/walnut gone
	Grapevine pools
	Sandy gravel fill
	Sinuous grass channel
	Bedrock falls

	Area sqm
	119
	223.8
	65.66
	985.6
	511

	Surface type
	CH
	CH
	CH
	CH
	CH

	Surface subtype
	eph
	
	
	eph
	eph

	Slope variability
	Low
	Med
	Low
	Low
	High

	Slope degrees
	2
	10
	.5
	4
	20

	Moisture (scale 1-10)
	0
	10
	0
	9
	0

	Water depth cm
	
	10
	0
	10
	0

	Area % open water
	0
	
	0
	2
	0

	Substrate
	
	
	
	
	

	1 - Clay %
	1
	0
	2
	1
	0

	2 - Silt %
	4
	1
	3
	9
	4

	3 - Sand %
	10
	10
	20
	25
	15

	4 - Fine gravel %
	20
	24
	40
	30
	10

	5 - Coarse gravel %
	20
	15
	25
	15
	5

	6 - Cobble %
	10
	3
	7
	8
	1

	7 - Boulder %
	5
	2
	1
	2
	0

	8 - Bedrock %
	30
	0
	2
	0
	65

	Organic %
	0
	30
	0
	10
	0

	Other % (anthropogenic)
	0
	15
	0
	0
	0

	Precipitate %
	0
	0
	16
	0
	5

	Litter %
	45
	35
	3
	90
	10

	Wood %
	10
	35
	0
	0
	5

	Litter Depth (cm)
	3
	4
	1
	10
	2



Geomorphology: Diamond Bar Lower Grape Vine Spring emerges as a fracture from an igneous rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 89% of available solar radiation, with 6305 Mj annually.

Flow: Surveyors measured a flow of 0.034 liters/second, using a flume. Flow was adjusted for an estimate of 60% of site flow capture. This spring is perennial. 

Table 3.2 Diamond Bar Lower Grape Vine Spring Water Quality Measurements.
	Characteristic Measured
	Value
	Location Number
	Device

	Dissolved Solids (field) (ppt)
	0.4135
	1
	Oakton

	pH (field)
	7.6
	1
	Oakton

	Specific conductance (field) (μS/cm)
	691
	1
	Oakton



Flora: Surveyors identified 44 plant species at the site, with 0.0231 species/sqm. These included 31 native and 4 nonnative species; the native status of 9 species remains unknown.  

Table 3.3 Diamond Bar Lower Grape Vine Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	23
	6

	Shrub
	19
	5

	Mid-canopy
	7
	3

	Tall canopy
	4
	3

	Basal
	4
	3

	Aquatic
	0
	0

	Non-vascular
	0
	0



Table 3.4 Diamond Bar Lower Grape Vine Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B
	C
	D
	E

	Acacia
	SC
	
	
	0.05
	0
	0
	0
	0

	Anaphalis margaritacea
	GC
	N
	U
	0
	0.05
	0
	0
	0

	Anaphalis margaritacea
	GC
	N
	U
	0.05
	0
	0
	1
	0

	Artemisia
	GC
	N
	U
	0.05
	0
	0.05
	1
	5

	Asteraceae
	GC
	NI
	
	0
	0.05
	0.05
	0.05
	0

	Asteraceae
	GC
	NI
	
	0.05
	0
	0
	0.05
	0

	Asteraceae
	GC
	NI
	
	0.05
	0.05
	0
	0
	0

	Baccharis salicifolia
	SC
	N
	R
	0
	0
	20.05
	0
	0

	Baccharis sarothroides
	SC
	N
	F
	0
	0
	10
	10
	3

	Bothriochloa barbinodis
	GC
	N
	F
	0.5
	0.05
	0
	1
	0.05

	Brickellia californica
	GC
	N
	U
	0
	0
	0
	0
	0.05

	Brickellia californica
	SC
	N
	U
	0
	0
	0
	0.05
	0

	Bromus rubens
	GC
	I
	U
	0.05
	1
	0
	2
	2

	Carex
	GC
	N
	W
	0
	1
	0
	0.05
	0.05

	Conyza canadensis
	GC
	N
	R
	0
	0.05
	0.05
	0
	0

	Cylindropuntia
	SC
	N
	
	0
	0
	0
	0.05
	0

	Cynodon dactylon
	GC
	I
	F
	0.05
	5
	2
	10
	2

	Digitaria cognata
	GC
	N
	
	0.05
	0
	0
	0
	2

	Eragrostis
	GC
	I
	WR
	0.05
	0
	0
	0
	0

	Euphorbia albomarginata
	GC
	
	
	0
	0
	0.05
	0
	0

	Forestiera pubescens
	GC
	N
	R
	0
	0
	0.05
	0
	0

	Galium
	GC
	N
	
	0.05
	0
	0
	0
	0

	Gutierrezia sarothrae
	SC
	N
	U
	0.05
	0
	0
	7
	3

	Ilex
	SC
	
	
	1
	0.05
	0.05
	0
	0.05

	Juglans major
	BC
	N
	R
	3
	1
	0
	0.05
	0.05

	Juglans major
	MC
	N
	R
	7
	10
	0
	3
	2

	Juglans major
	SC
	N
	R
	7
	2
	0.05
	2
	1

	Juglans major
	TC
	N
	R
	20
	25
	0
	1
	4

	Juniperus
	SC
	N
	U
	0
	0
	0
	0.05
	10

	Koeleria cristata
	GC
	
	
	0
	0.05
	0
	0
	0

	Lobelia cardinalis
	GC
	N
	W
	0
	0.05
	0
	0
	0.05

	Malus
	GC
	
	
	0
	0
	0.05
	0
	0

	Malus
	MC
	
	
	0
	0
	0
	3
	0

	Maurandella antirrhiniflora
	SC
	N
	U
	0
	0
	0
	0
	0.05

	Muhlenbergia rigens
	GC
	N
	U
	0.05
	10
	3
	40
	30

	Nasturtium officinale
	GC
	I
	W
	0
	2
	0
	0
	0

	Opuntia
	SC
	
	U
	0
	0.05
	0.05
	2
	3

	Populus fremontii
	BC
	N
	R
	0
	0.05
	0
	3
	3

	Populus fremontii
	MC
	N
	R
	0
	0.05
	0
	1
	3

	Populus fremontii
	TC
	N
	R
	0
	0
	0
	20
	20

	Prosopis velutina
	BC
	N
	F
	0
	0
	0
	2
	0.05

	Prosopis velutina
	MC
	N
	F
	1
	0
	10
	5
	3

	Prosopis velutina
	SC
	N
	F
	0.05
	0
	7
	3
	2

	Prosopis velutina
	TC
	N
	F
	1
	0.05
	10
	10
	5

	Quercus turbinella
	MC
	N
	U
	5
	0
	0
	0.05
	0

	Quercus turbinella
	SC
	N
	U
	1
	0
	0
	0
	0

	Salix gooddingii
	BC
	N
	R
	3
	10
	1
	1
	0.05

	Salix gooddingii
	MC
	N
	R
	10
	35
	10
	5
	4

	Salix gooddingii
	SC
	N
	R
	6
	20
	5
	3
	1

	Salix gooddingii
	TC
	N
	R
	15
	30
	0
	0
	6

	Sphaeralcea
	MC
	N
	U
	0
	0
	0
	0.05
	2

	Stachys coccinea
	GC
	N
	
	0.05
	0
	0
	0
	0

	Typha
	SC
	N
	A
	0
	40
	0
	5
	5

	unknown
	SC
	
	
	0
	20
	0
	0.05
	0

	unknown
	SC
	
	
	0
	0
	0
	0
	0.05

	Vitis arizonica
	SC
	N
	R
	19
	30
	10
	0
	0

	Ziziphus obtusifolia
	SC
	N
	
	0.05
	0
	0.05
	0.05
	2



Fauna: Surveyors collected or observed 1 terrestrial invertebrate taxon and 8 vertebrate taxa. 

Table 3.5 Diamond Bar Lower Grape Vine Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Odonata
	A
	T
	S
	Orange



Table 3.6 Diamond Bar Lower Grape Vine Spring Vertebrates.
	Vertebrate Species Common Name

	Bat

	Ash-throated Flycatcher

	Quail

	Squirrel

	Lizard

	Javelina

	American Black Bear

	Mule Deer



Assessment: Assessment scores were compiled in 6 categories and 41 subcategories, with 1 null condition scores, and 2 null risk scores. Aquifer functionality and water quality are poor with limited restoration potential (average condition score 2.5) and there is moderate risk (average risk score 3). Geomorphology condition is very good with excellent restoration potential (average condition score 5) and there is low risk (average risk score 2). Habitat condition is good with significant restoration potential (average condition score 4.2) and there is low risk (average risk score 2.4). Biotic integrity is good with significant restoration potential (average condition score 4.7) and there is negligible risk (average risk score 1.6). Human influence of site is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Administrative context status is poor with limited restoration potential and there is negligible risk. Overall, the site condition is good with significant restoration potential and there is negligible risk. 

Table 3.7 Diamond Bar Lower Grape Vine Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	2.5
	3

	Geomorphology
	5
	2

	Habitat
	4.2
	2.4

	Biota
	4.7
	1.6

	Human Influence
	6
	1

	Administrative Context
	2.8
	1

	Overall Ecological Score
	4.3
	1.7
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Fig 3.2 Diamond Bar Lower Grape Vine Spring Sketchmap.
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Fig 3.3 Diamond Bar Lower Grape Vine Spring: The upper walnut grove (microhabitat A).
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Fig 3.4 Diamond Bar Lower Grape Vine Spring.
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4. Diamond Bar Trib Spring, 5/27/14
Survey Summary Report, Site ID 175508
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Diamond Bar Trib Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.21884, -110.01041 measured using a GPS (WGS84, estimated position error 3 meters). The elevation is approximately 1256 meters. Kyle Tate, Joneen Cockman, Alice Boughan, Aaron Beckworth, and Shawn Nelson surveyed the site on 5/27/14 for 02:30 hours, beginning at 12:45, and collected data in 8 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 4.1 Diamond Bar Trib Spring.

Physical Description: Diamond Bar Trib Spring is a rheocrene/hillslope spring. Geomorphology was noted as Igneous Conglomerate and the Geologic Layer as Gila Conglomerate. The microhabitats associated with the spring cover 283 sqm. The site has 2 microhabitats, including A -- a 112 sqm channel, B -- a 171 sqm adjacent uplands. The geomorphic diversity is 0.29, based on the Shannon-Weiner diversity index.

Table 4.1 Diamond Bar Trib Spring Microhabitat characteristics.
	Code
	A
	B

	Name
	Rheocrene Bottom
	Hackberry Hillslope

	Area sqm
	112
	171

	Surface type
	CH
	UPL

	Surface subtype
	eph
	

	Slope variability
	Low
	Low

	Slope degrees
	3
	14

	Moisture (scale 1-10)
	1
	1

	Water depth cm
	0
	0

	Area % open water
	0
	0

	Substrate
	
	

	1 - Clay %
	2
	10

	2 - Silt %
	3
	20

	3 - Sand %
	25
	30

	4 - Fine gravel %
	15
	15

	5 - Coarse gravel %
	15
	10

	6 - Cobble %
	20
	10

	7 - Boulder %
	15
	5

	8 - Bedrock %
	5
	0

	Organic %
	0
	0

	Other % (anthropogenic)
	0
	0

	Precipitate %
	40
	0

	Litter %
	5
	60

	Wood %
	2
	10

	Litter Depth (cm)
	.1
	2



Geomorphology: Diamond Bar Trib Spring emerges as a seepage or filtration from an igneous rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 16% of available solar radiation, with 1134 Mj annually.

Access Directions: From Ft. Thomas, AZ on Hwy 70, take River Road north (1.3 miles), cross the Gila River and turn right (west) on River Road frontage. Proceed west about 4.8 miles to a 90-degree turn going uphill and north. (If you were to proceed straight west from this point you would drive into a posted ranch yard). Proceed 0.7 miles north and west to a T intersection. From the T, proceed 2 miles west-northwest to a Y intersection. From the ranch headquarters, proceed northeast (middle fork and west of dirt tank) 0.95 miles up the hill to a sharp bend with a pull out. Park here and hike down into the drainage 0.16 miles to a dry rheocrene system.

Survey Notes: There were hydric nodules 4 inches back into the hill. The site was so dewatered due to drought that it is no longer functional. 

Flow: There was no flow to measure. This spring is ephemeral. 

Flora: There was Saguaro in the area upland of the spring. Surveyors identified 18 plant species at the site, with 0.0636 species/sqm. These included 10 native and 2 nonnative species; the native status of 6 species remains unknown.  

Table 4.2 Diamond Bar Trib Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	6
	0

	Shrub
	9
	1

	Mid-canopy
	3
	1

	Tall canopy
	0
	0

	Basal
	4
	1

	Aquatic
	0
	0

	Non-vascular
	3
	0



Table 4.3 Diamond Bar Trib Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B

	Acacia
	BC
	
	
	0
	0.05

	Acacia
	SC
	
	
	1
	1

	Aquifoliaceae
	GC
	
	
	0
	0.05

	Aquifoliaceae
	SC
	
	
	0.05
	0.05

	Bromus rubens
	GC
	I
	U
	3
	25

	Celtis laevigata
	BC
	N
	R
	0.05
	1

	Celtis laevigata
	MC
	N
	R
	0.05
	15

	Celtis laevigata
	SC
	N
	R
	2
	7

	Cirsium
	
	NI
	F
	0
	0.05

	Cynodon
	GC
	I
	
	0.05
	0

	Gutierrezia sarothrae
	GC
	N
	U
	2
	1

	Juniperus monosperma
	MC
	N
	U
	0
	3

	Juniperus monosperma
	SC
	N
	U
	0
	0.05

	Lichen
	NV
	N
	U
	0
	2

	Lichen
	NV
	N
	U
	0.05
	0.05

	Lichen
	NV
	N
	U
	0.05
	0.05

	Prosopis velutina
	BC
	N
	F
	0
	3

	Prosopis velutina
	MC
	N
	F
	1
	20

	Prosopis velutina
	SC
	N
	F
	0.05
	15

	Quercus berberidifolia
	BC
	N
	
	0
	3

	Quercus berberidifolia
	SC
	N
	
	1
	7

	Rhus aromatica
	SC
	N
	
	0
	0.05

	Sporobolus
	GC
	
	F
	0
	0.05

	unknown
	GC
	
	
	0.05
	0

	unknown
	SC
	
	
	0.05
	0

	Ziziphus
	SC
	
	
	0.05
	1



Fauna: Surveyors collected or observed 4 terrestrial invertebrate taxa and 6 vertebrate taxa.

Table 4.4 Diamond Bar Trib Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Araneae
	Ad
	T
	Spot
	

	Diptera Nematocera
	Ad
	T
	Spot
	gnats

	Hemiptera Cicadidae
	Ad
	T
	Spot
	

	Lepidoptera
	Ad
	T
	Spot
	black butterfly with white eye spots



Table 4.5 Diamond Bar Trib Spring Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	hawk
	obs
	

	Chihuahuan Raven
	obs
	

	horse
	sign
	scat

	domestic cow
	obs
	

	lizard
	obs
	

	woodrats
	sign
	scat



Assessment: Assessment scores were compiled in 6 categories and 40 subcategories, with 2 null condition scores, and 17 null risk scores. Aquifer functionality and water quality are very poor with very limited restoration potential (average condition score 0.3) and there is extreme risk (average risk score 6). Geomorphology condition is good with significant restoration potential (average condition score 4.2) and there is negligible risk (average risk score 1). Habitat condition is poor with limited restoration potential (average condition score 2) and there is low risk (average risk score 2.8). Biotic integrity is poor with limited restoration potential (average condition score 2) and there is low risk (average risk score 2.5). Human influence of site is very good with excellent restoration potential (average condition score 5.3) and there is negligible risk (average risk score 0.9). Overall, the site condition is poor with limited restoration potential and there is low risk. 

Table 4.6 Diamond Bar Trib Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	0.3
	6

	Geomorphology
	4.2
	1

	Habitat
	2
	2.8

	Biota
	2
	2.5

	Human Influence
	5.3
	0.9

	Administrative Context
	1.9
	0

	Overall Ecological Score
	2.8
	2.6
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Fig 4.2 Diamond Bar Trib Spring Sketchmap.
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Fig 4.3 Diamond Bar Trib Spring.
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5. Diamond Bar Upper Grape Vine Spring, 6/11/14
Survey Summary Report, Site ID 236557
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Diamond Bar Upper Grape Vine Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.23809, -110.04056 measured using a GPS (NAD27, estimated position error 7 meters). The elevation is approximately 1231 meters. Kyle Tate, Aaron Beckworth, and Shawn Nelson surveyed the site on 6/11/14 for 01:50 hours, beginning at 10:10, and collected data in 7 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 5.1 Diamond Bar Upper Grape Vine Spring: Overview of the rock face and sediment bowl (microhabitats A and B).

Physical Description: Diamond Bar Upper Grape Vine Spring is a hillslope spring.  The site has 3 microhabitats.


Table 5.1 Diamond Bar Upper Grape Vine Spring Microhabitat characteristics.
	Code
	A
	B
	C

	Name
	Rock face
	Sediment bowl
	Bedrock contact

	Surface type
	SB
	CH
	OTH

	Surface subtype
	
	eph
	

	Slope variability
	Low
	Low
	Low

	Aspect TN
	
	
	

	Slope degrees
	90
	2
	75

	Substrate
	
	
	

	1 - Clay %
	0
	2
	0

	2 - Silt %
	0
	3
	0

	3 - Sand %
	0
	20
	0

	4 - Fine gravel %
	0
	20
	0

	5 - Coarse gravel %
	0
	20
	0

	6 - Cobble %
	0
	15
	0

	7 - Boulder %
	0
	15
	0

	8 - Bedrock %
	100
	5
	100

	Organic %
	0
	0
	0

	Other % (anthropogenic)
	0
	0
	0

	Precipitate %
	80
	2
	95

	Litter %
	0
	10
	0

	Wood %
	0
	5
	0

	Litter Depth (cm)
	0
	2
	0



Geomorphology: Diamond Bar Upper Grape Vine Spring emerges from an igneous, anorthosite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 74% of available solar radiation, with 5249 Mj annually.

Access Directions: From Fort Thomas on Hwy 70, take Fort Thomas River Road north across the river (1.3 miles). Turn left (west) and proceed on River Road 5.24 miles to a ranch entrance, a right-angle turn. Take the right angle turn up the hill and traverse northwest for 2.7 miles to a Y intersection. Proceed north 0.6 miles to another Y and turn left (west) toward a drainage. Proceed into the drainage, cross over, and traverse north on ridge road 5.0 miles to a corral on the east side of the road.

Flow: This spring is ephemeral. 

Flora: Surveyors identified 16 plant species at the site. These included 12 native and 1 nonnative species; the native status of 3 species remains unknown.  




Table 5.2 Diamond Bar Upper Grape Vine Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	8
	1

	Shrub
	6
	2

	Mid-canopy
	3
	1

	Tall canopy
	1
	0

	Basal
	1
	0

	Aquatic
	0
	0

	Non-vascular
	2
	2



Table 5.3 Diamond Bar Upper Grape Vine Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B
	C

	Anaphalis
	GC
	
	U
	0.05
	0
	0.05

	Artemisia
	GC
	N
	U
	0
	0.05
	0

	Aster
	GC
	
	
	0
	0.05
	0

	Asteraceae
	GC
	NI
	
	0
	0.05
	0

	Baccharis salicifolia
	SC
	N
	R
	3
	5
	0

	Brickellia californica
	GC
	N
	U
	0
	1
	0

	Eragrostis
	GC
	I
	WR
	0
	1
	0

	Galium
	GC
	N
	
	0
	0.05
	0

	Gutierrezia sarothrae
	SC
	N
	U
	0
	0.05
	0

	Juniperus monosperma
	BC
	N
	U
	0
	0.05
	0

	Juniperus monosperma
	MC
	N
	U
	0
	30
	0

	Juniperus monosperma
	SC
	N
	U
	0
	0.05
	0

	Juniperus monosperma
	TC
	N
	U
	0
	35
	0

	Muhlenbergia rigens
	GC
	N
	U
	0
	0.05
	1

	Quercus berberidifolia
	MC
	N
	
	0
	3
	1

	Quercus berberidifolia
	SC
	N
	
	0
	7
	0

	Salix nigra
	MC
	N
	WR
	0.05
	5
	0

	Salix nigra
	SC
	N
	WR
	0
	3
	0

	unknown moss
	NV
	N?
	
	0
	0.05
	0

	unknown moss
	NV
	N?
	
	0.05
	0
	0

	Ziziphus
	SC
	
	
	0
	0.05
	0



Fauna: Surveyors collected or observed 1 terrestrial invertebrate taxon and 2 vertebrate taxa.

Table 5.4 Diamond Bar Upper Grape Vine Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Hemiptera Cicadidae
	A
	T
	Spot
	

	Lepidoptera Lycaenidae
	A
	T
	Spot
	yellow butterfly with black tips





Table 5.5 Diamond Bar Upper Grape Vine Spring Vertebrates.
	Vertebrate Species Common Name

	Mourning Dove

	Hummingbird



Assessment: Assessment scores were compiled in 6 categories and 41 subcategories, with 1 null condition scores, and 5 null risk scores. Aquifer functionality and water quality are very poor with very limited restoration potential (average condition score 0.2) and there is high risk (average risk score 4). Geomorphology condition is moderate with some restoration potential (average condition score 3.8) and there is low risk (average risk score 2). Habitat condition is moderate with some restoration potential (average condition score 3) and there is low risk (average risk score 2.8). Biotic integrity is moderate with some restoration potential (average condition score 3.7) and there is moderate risk (average risk score 3.3). Human influence of site is very good with excellent restoration potential (average condition score 5.3) and there is negligible risk (average risk score 1.5). Administrative context status is moderate with some restoration potential and there is negligible risk. Overall, the site condition is moderate with some restoration potential and there is low risk. 

Table 5.6 Diamond Bar Upper Grape Vine Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	0.2
	4

	Geomorphology
	3.8
	2

	Habitat
	3
	2.8

	Biota
	3.7
	3.3

	Human Influence
	5.3
	1.5

	Administrative Context
	2.9
	1.4

	Overall Ecological Score
	3.3
	2.5



Management Recommendations: Diamond Bar is a grazing allotment that has been out of use for several years, so there is no immediate sign of livestock damage. However, historically, the land has been grazed extensively. This area has seep faces in the ash flow and more investigation is warranted. There may be hillslope cienegas.
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Fig 5.2 Diamond Bar Upper Grape Vine Spring Sketchmap.
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Fig 5.3 Diamond Bar Upper Grape Vine Spring: The sediment bowl (microhabitat B).
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Fig 5.4 Diamond Bar Upper Grape Vine Spring: An aerial view of Upper and Lower Grapevine springs.
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6. Dry Knife Spring, 6/05/14
Survey Summary Report, Site ID 13511
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Dry Knife Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.23732, -110.03058 (WGS84). The elevation is approximately 1302 meters. Joneen Cockman, Kyle Tate, Shawn Nelson, and Alice Boughan surveyed the site on 6/05/14, beginning at 11:00, and collected data in 7 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 6.1 Dry Knife Spring: Aerial view of Dry Knife spring and corrals.

Physical Description: Dry Knife Spring is a rheocrene spring. This spring emerges as a seep along the edge of a channel and may be influenced by a dirt tank uphill and on the opposite side of the road. It appears to be a drought stressed ephemeral ecosystem. The microhabitat associated with the spring covers 448 sqm. The site has 1 microhabitat, A -- a 448 sqm channel. 

Table 6.1 Dry Knife Spring Microhabitat characteristics.
	Code
	A

	Name
	Rheocrene bottom

	Area sqm
	448

	Surface type
	CH

	Slope variability
	Low

	Slope degrees
	3

	Moisture (scale 1-10)
	2

	Water depth cm
	0

	Area % open water
	0



Geomorphology: Dry Knife Spring emerges as a seepage or filtration from an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. 

Survey Notes: The site is very dry; there is some soil moisture and moss present. 

Flow: Surveyors were unable to measure flow because the spring was dry at the time of the survey.

Flora: Surveyors identified 17 plant species at the site, with 0.0379 species/sqm. These included 13 native and 3 nonnative species; the native status of 1 species remains unknown.  

Table 6.2 Dry Knife Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	7
	0

	Shrub
	8
	3

	Mid-canopy
	5
	3

	Tall canopy
	3
	2

	Basal
	4
	2

	Aquatic
	0
	0

	Non-vascular
	1
	1










Table 6.3 Dry Knife Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A

	Artemisia
	GC
	N
	F
	3

	Bothriochloa barbinodis
	GC
	N
	F
	1

	Bouteloua curtipendula
	GC
	N
	U
	0.5

	Bromus rubens
	GC
	I
	U
	7

	Ceanothus
	SC
	N
	U
	0.5

	Celtis
	MC
	
	R
	1

	Cylindropuntia
	SC
	N
	
	0.05

	Cynodon
	GC
	I
	
	15

	Ericameria laricifolia
	SC
	N
	U
	1

	Galium
	GC
	I
	F
	1

	Gutierrezia sarothrae
	GC
	N
	U
	4

	Juniperus monosperma
	BC
	N
	U
	1

	Juniperus monosperma
	MC
	N
	U
	10

	Juniperus monosperma
	SC
	N
	U
	3

	Juniperus monosperma
	TC
	N
	U
	2

	Populus fremontii
	BC
	N
	R
	1

	Populus fremontii
	MC
	N
	R
	3

	Populus fremontii
	SC
	N
	R
	1

	Populus fremontii
	TC
	N
	R
	10

	Prosopis velutina
	BC
	N
	F
	1

	Prosopis velutina
	MC
	N
	F
	3

	Prosopis velutina
	SC
	N
	F
	2

	Rhamnus californica
	SC
	N
	WR
	1

	Salix gooddingii
	BC
	N
	R
	1

	Salix gooddingii
	MC
	N
	R
	5

	Salix gooddingii
	SC
	N
	R
	3

	Salix gooddingii
	TC
	N
	F
	5

	unknown Moss
	NV
	N?
	
	10



Fauna: Surveyors collected or observed 4 terrestrial invertebrate taxa and 3 vertebrate taxa.

Table 6.4 Dry Knife Spring Invertebrates.
	Species
	Habitat

	Hemiptera Cicadellidae
	T

	Hemiptera Coreidae
	T

	Hymenoptera Formicidae Camponotus
	T

	Orthoptera Tettigoniidae
	T






Table 6.5 Dry Knife Spring Vertebrates.
	Vertebrate Species Common Name

	javelina

	Zebra-tailed lizard

	mourning dove



Assessment: Assessment scores were compiled in 6 categories and 37 subcategories, with 5 null condition scores, and 27 null risk scores. Aquifer functionality and water quality are very poor with very limited restoration potential (average condition score 1.8) and there is very high risk (average risk score 5). Geomorphology condition is good with significant restoration potential (average condition score 4.2) and there is negligible risk (average risk score 1.8). Habitat condition is moderate with some restoration potential (average condition score 3) and there is high risk (average risk score 4.3). Biotic integrity is poor with limited restoration potential (average condition score 2.8) and there is moderate risk (average risk score 3.4). Human influence of site is very good with excellent restoration potential (average condition score 5) and there is undetermined risk due to null scores (average risk score 0). Overall, the site condition is moderate with some restoration potential and there is moderate risk. 

Table 6.6 Dry Knife Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	1.8
	5

	Geomorphology
	4.2
	1.8

	Habitat
	3
	4.3

	Biota
	2.8
	3.4

	Human Influence
	5
	0

	Administrative Context
	3.5
	0

	Overall Ecological Score
	3.5
	3.4
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Fig 6.2 Dry Knife Spring Sketchmap.
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7. Fish Hooks Steer Spring, 5/29/14
Survey Summary Report, Site ID 13507
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Fish Hooks Steer Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.23163, -110.01359 measured using a GPS (NAD27, estimated position error 4 meters). The elevation is approximately 1274 meters. Kyle Tate, Shawn Nelson, Aaron Beckworth, and Alice Boughman surveyed the site on 5/29/14 for 03:15 hours, beginning at 11:45, and collected data in 6 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

[image: ]
Fig 7.1 Fish Hooks Steer Spring.

Physical Description: Fish Hooks Steer Spring is a rheocrene spring. This spring is ephemeral.   The microhabitats associated with the spring cover 207 sqm. The site has 2 microhabitats, including A -- a 21 sqm sloping bedrock, B -- a 186 sqm channel. The geomorphic diversity is 0.14, based on the Shannon-Weiner diversity index.

Table 7.1 Fish Hooks Steer Spring Microhabitat characteristics.
	Code
	A
	B

	Name
	Rock face (source)
	Collection basin

	Area sqm
	21
	186

	Surface type
	SB
	CH

	Surface subtype
	
	eph

	Slope variability
	Med
	Low

	Slope degrees
	5
	2

	Moisture (scale 1-10)
	0
	3

	Water depth cm
	0
	.1

	Area % open water
	0
	.1

	Substrate
	
	

	1 - Clay %
	0
	1

	2 - Silt %
	0
	4

	3 - Sand %
	0
	40

	4 - Fine gravel %
	0
	15

	5 - Coarse gravel %
	0
	15

	6 - Cobble %
	0
	20

	7 - Boulder %
	0
	5

	8 - Bedrock %
	100
	0

	Organic %
	0
	0

	Other % (anthropogenic)
	0
	0

	Precipitate %
	20
	0

	Litter %
	5
	35

	Wood %
	10
	30

	Litter Depth (cm)
	3
	6



Geomorphology: Fish Hooks Steer Spring emerges as a fracture from a rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 87% of available solar radiation, with 6169 Mj annually.

Access Directions: From the ranch headquarters, stay on the middle track in the drainage, proceed 0.2 miles up the drainage to a dirt tank. At the tank, turn west into the upland and proceed across the ridge to the next major drainage (another 1.5 miles).  Park here. Hike up the drainage for 0.9 miles to Steer Spring.

Flora: Surveyors identified 26 plant species at the site, with 0.1256 species/sqm. These included 19 native and 1 nonnative species; the native status of 6 species remains unknown.  





Table 7.2 Fish Hooks Steer Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	12
	1

	Shrub
	8
	2

	Mid-canopy
	3
	2

	Tall canopy
	2
	2

	Basal
	6
	3

	Aquatic
	0
	0

	Non-vascular
	5
	1



Table 7.3 Fish Hooks Steer Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B

	Anacardiaceae
	BC
	
	
	0.5
	0

	Anacardiaceae
	SC
	
	
	0.5
	0

	Artemisia ludoviciana
	GC
	N
	F
	0
	0.5

	Baccharis sarothroides
	SC
	N
	F
	0
	0.05

	Berberis
	SC
	
	
	0.5
	0

	Bothriochloa saccharoides
	GC
	
	
	0
	3

	Bouteloua curtipendula
	GC
	N
	U
	0.5
	0.05

	Bouteloua gracilis
	GC
	N
	U
	0.5
	0.05

	Brickellia californica
	SC
	N
	U
	0.5
	0

	Bromus rubens
	GC
	I
	U
	0.5
	0

	Cactaceae
	GC
	
	
	0.05
	0

	Fabaceae
	GC
	NI
	
	0
	0.05

	Hesperostipa
	
	
	
	0
	0.5

	Hesperostipa
	GC
	
	
	0.5
	0

	Juniperus monosperma
	BC
	N
	U
	0.5
	0

	Juniperus monosperma
	MC
	N
	U
	0.5
	0

	Juniperus monosperma
	SC
	N
	U
	0.5
	1

	Lichen
	NV
	N
	U
	0.05
	0

	Muhlenbergia rigens
	GC
	N
	U
	0.5
	10

	Muhlenbergia wrightii
	GC
	N
	U
	0
	0.05

	Opuntia engelmannii
	BC
	N
	U
	0.5
	0

	Opuntia engelmannii
	SC
	N
	U
	0.5
	0

	Poaceae
	GC
	NI
	
	0
	0.05

	Populus fremontii
	BC
	N
	R
	0
	0.5

	Populus fremontii
	MC
	N
	R
	0
	1

	Populus fremontii
	SC
	N
	R
	0
	0.5

	Populus fremontii
	TC
	N
	R
	0
	7

	Salix
	BC
	N
	WR
	0
	3

	Salix
	MC
	N
	WR
	0
	5

	Salix
	SC
	N
	WR
	0
	3

	Salix gooddingii
	BC
	N
	R
	0.05
	0

	Salix gooddingii
	TC
	N
	R
	0
	1

	unknown fern
	NV
	
	U
	0.5
	0

	unknown moss
	NV
	N?
	
	0.5
	0

	Urtica
	GC
	N
	WR
	0
	0.5


Fauna: Surveyors collected or observed 9 vertebrate taxa.

Table 7.4 Fish Hooks Steer Spring Vertebrates.
	Vertebrate Species Common Name
	Detection

	American Black Bear
	sign

	Short-eared Owl
	obs

	Javelina
	sign

	Prairie Falcon
	obs

	Summer Tanager
	obs

	Western Tanager
	obs

	Canyon Towhee
	obs

	Gambel's Quail
	obs

	Sonoran Whipsnake
	obs



Assessment: Assessment scores were compiled in 5 categories and 29 subcategories, with 13 null condition scores, and 17 null risk scores. Aquifer functionality and water quality are poor with limited restoration potential (average condition score 2) and there is high risk (average risk score 4). Geomorphology condition is good with significant restoration potential (average condition score 4.8) and there is negligible risk (average risk score 1). Habitat condition is moderate with some restoration potential (average condition score 3.6) and there is low risk (average risk score 2). Biotic integrity is moderate with some restoration potential (average condition score 3.5) and there is low risk (average risk score 2). Human influence of site is very good with excellent restoration potential (average condition score 5.8) and there is negligible risk (average risk score 1.1). Overall, the site condition is good with significant restoration potential and there is negligible risk. 

Table 7.5 Fish Hooks Steer Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	2
	4

	Geomorphology
	4.8
	1

	Habitat
	3.6
	2

	Biota
	3.5
	2

	Human Influence
	5.8
	1.1

	Overall Ecological Score
	4.2
	1.8
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Fig 7.2 Fish Hooks Steer Spring Sketchmap.

[image: ]
Fig 7.3 Fish Hooks Steer Spring: Aerial view of the spring.
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Fig 7.4 Fish Hooks Steer Spring: Sonoran whipsnake.
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Fig 7.5 Fish Hooks Steer Spring: Seepage emerging from the source (microhabitat A).
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8. Fishhooks Double Trough, 4/24/14
Survey Summary Report, Site ID 164102
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Fishhooks Double Trough ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Gila Peak USGS Quad, at 33.21668, -109.97826 measured using a GPS (NAD83, estimated position error 5 meters). The elevation is approximately 1321 meters. Joneen Cockman, Larry Stevens, Jeri Ledbetter, Samantha Shorka, and Shawn Nelson surveyed the site on 4/24/14 for 03:00 hours, beginning at 10:05, and collected data in 9 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 8.1 Fishhooks Double Trough.

Physical Description: Fishhooks Double Trough is a hillslope spring. This site consists of a seepage that emerges at the base of rhyolite in a heavily manipulated area.  Historically the spring flowed into the channel. The microhabitats associated with the spring cover 394 sqm. The site has 4 microhabitats, including A -- a 12 sqm channel, B -- a 7 sqm channel, C -- a 369 sqm colluvial slope, D -- a 7 sqm channel. The geomorphic diversity is 0.13, based on the Shannon-Weiner diversity index.

Table 8.1 Fishhooks Double Trough Microhabitat characteristics.
	Code
	A
	B
	C
	D

	Name
	Anthropogenic Channel
	Lower Channel
	Colluvial Slope
	Ephemeral Channel

	Area sqm
	11.50
	7
	368.50
	7

	Surface type
	CH
	CH
	CS
	CH

	Surface subtype
	eph
	eph
	
	eph

	Slope variability
	Med
	Med
	Med
	Med

	Aspect TN
	234
	234
	234
	234

	Slope degrees
	28
	20
	20
	20

	Moisture (scale 1-10)
	2
	1
	0
	1

	Water depth cm
	0
	1
	0
	0.01

	Area % open water
	0
	0.10
	0
	1

	Substrate
	
	
	
	

	1 - Clay %
	0
	0
	17
	0

	2 - Silt %
	10
	10
	15
	5

	3 - Sand %
	30
	30
	15
	5

	4 - Fine gravel %
	30
	30
	10
	5

	5 - Coarse gravel %
	15
	15
	5
	9

	6 - Cobble %
	5
	5
	5
	10

	7 - Boulder %
	0
	0
	1
	15

	8 - Bedrock %
	0
	0
	0
	0

	Organic %
	10
	8
	30
	50

	Other % (anthropogenic)
	0
	2
	2
	1

	Precipitate %
	5
	2
	2
	2

	Litter %
	75
	0
	70
	75

	Wood %
	8
	0
	8
	10

	Litter Depth (cm)
	15
	
	3
	7



Geomorphology: Fishhooks Double Trough emerges as a seepage or filtration from an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 17% of available solar radiation, with 1160 Mj annually.

Survey Notes: Although this site has been heavily manipulated in the past, excavated and piped with concrete tanks, there has been little recent human alteration and limited recent evidence of livestock use. 

Table 8.2 Fishhooks Double Trough Water Quality Measurements.
	Characteristic Measured
	Value
	Device

	Temperature, air C
	26.7
	Handheld therm



Flora: Surveyors identified 39 plant species at the site, with 0.099 species/sqm. These included 34 native and 2 nonnative species; the native status of 3 species remains unknown.  

Table 8.3 Fishhooks Double Trough Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	17
	4

	Shrub
	20
	6

	Mid-canopy
	5
	4

	Tall canopy
	3
	3

	Basal
	6
	3

	Aquatic
	0
	0

	Non-vascular
	2
	1



Table 8.4 Fishhooks Double Trough Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B
	C
	D

	Agoseris
	GC
	
	U
	0
	0
	0.2
	0

	Artemisia ludoviciana
	GC
	N
	F
	0.01
	0
	0.01
	0

	Aster glaucodes
	GC
	
	
	0.3
	0
	8
	10

	Asteraceae
	GC
	NI
	
	0
	0
	3
	0

	Baccharis salicifolia
	SC
	N
	R
	0
	0
	0
	3

	Baccharis sarothroides
	SC
	N
	F
	1
	2
	5
	5

	Berberis fremontii
	SC
	N
	U
	0
	0
	2
	0

	Bromus rubens
	GC
	I
	U
	0
	0
	4
	0

	Carex
	GC
	N
	W
	0
	1
	0
	0

	Celtis laevigata
	SC
	N
	R
	0
	0
	0.5
	0

	Cylindropuntia
	SC
	N
	
	0
	0
	0.1
	0

	Dasylirion
	SC
	
	
	0
	0
	0.7
	0

	Eragrostis intermedia
	GC
	N
	
	0
	0
	0.2
	0

	Gutierrezia sarothrae
	SC
	N
	U
	0.3
	0
	0.2
	0

	Juglans major
	BC
	N
	R
	0
	0
	0.5
	0

	Juglans major
	MC
	N
	R
	0
	0
	7
	0

	Juglans major
	TC
	N
	R
	0
	0
	2
	0

	Juncus ensifolius
	GC
	N
	W
	0
	3
	0
	0

	Juniperus osteosperma
	BC
	N
	U
	0
	0
	0
	2

	Juniperus osteosperma
	GC
	N
	U
	0.1
	0
	0.1
	0.01

	Juniperus osteosperma
	MC
	N
	U
	0
	0
	10
	5

	Juniperus osteosperma
	SC
	N
	U
	40
	10
	35
	50

	Lichen
	NV
	N
	U
	0
	0
	0.1
	0

	Linum lewisii
	GC
	N
	
	0
	0
	0.1
	0

	Lonicera
	SC
	N
	U
	0
	0
	0.2
	0

	Muhlenbergia rigens
	GC
	N
	U
	0
	2
	0
	0

	Opuntia chlorotica
	SC
	N
	U
	0
	0
	0.1
	0

	Opuntia engelmannii
	SC
	N
	U
	0
	0
	0.2
	0

	Pinus cembroides
	BC
	N
	
	0
	0
	0.01
	0

	Pinus cembroides
	SC
	N
	
	0.3
	0
	2
	0

	Platanus wrightii
	MC
	N
	R
	0
	0
	6
	0

	Platanus wrightii
	SC
	N
	R
	0
	0
	3
	0

	Platanus wrightii
	TC
	N
	R
	0
	5
	5
	0

	Polypogon monspeliensis
	GC
	I
	WR
	0
	0
	0.1
	0

	Populus fremontii
	BC
	N
	R
	0
	70
	3
	7

	Populus fremontii
	MC
	N
	R
	0
	50
	5
	15

	Populus fremontii
	SC
	N
	R
	0
	0
	0
	3

	Populus fremontii
	TC
	N
	R
	20
	70
	10
	10

	Prosopis velutina
	BC
	N
	F
	0
	0
	2
	2

	Prosopis velutina
	SC
	N
	F
	0
	3
	10
	1

	Psoralidium tenuiflorum
	GC
	N
	U
	0
	0
	0.2
	0

	Quercus emoryi
	SC
	N
	
	0
	0
	3
	1

	Rhamnus crocea
	SC
	N
	F
	0
	3
	0.5
	0

	Rhus aromatica
	SC
	N
	F
	0
	0
	0.01
	0

	Salix gooddingii
	BC
	N
	R
	0
	0
	1
	2

	Salix gooddingii
	MC
	N
	R
	0
	0
	7
	0

	Salix gooddingii
	SC
	N
	R
	0
	0
	2
	5

	Sphaeralcea
	GC
	N
	U
	0
	0
	0.1
	0

	Sporobolus airoides
	GC
	N
	WR
	0
	0
	0.2
	0

	Sporobolus cryptandrus
	GC
	N
	U
	0
	0
	0.1
	0

	unknown dicot
	GC
	NI
	
	0
	1
	0
	0

	unknown moss
	NV
	N?
	WR
	0
	0
	0.01
	0

	Vitis arizonica
	SC
	N
	R
	0
	0
	5
	5



Fauna: Surveyors collected or observed 11 terrestrial invertebrate taxa and 7 vertebrate taxa.

Table 8.5 Fishhooks Double Trough Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Count

	Diptera Ceratopogonidae
	Ad
	T
	Spot
	100

	Hemiptera
	Ad
	T
	Collected spot
	1

	Hymenoptera Vespidae Polistes comanchus
	Ad
	
	Collected spot
	1

	Lepidoptera Lycaenidae Celastrina echo
	Ad
	T
	Collected spot
	1

	Lepidoptera Lycaenidae Celastrina ladon
	Ad
	T
	Spot
	10

	Lepidoptera Nymphalidae Adelpha bredowii eulalia
	Ad
	T
	Spot
	1

	Lepidoptera Nymphalidae Limenitis arthemis
	Ad
	T
	Spot
	2

	Lepidoptera Nymphalidae Limenitis arthemis
	Ad
	T
	Collected spot
	1

	Lepidoptera Papilionidae Papilio rutulus
	Ad
	T
	Spot
	1

	Lepidoptera Pieridae Abeis nicippe
	Ad
	T
	Spot
	1

	Odonata Coenagrionidae Apanisagrion lais
	Ad
	T
	Collected spot
	1

	Odonata Coenagrionidae Argia hinei
	Ad
	T
	Collected spot
	1



Table 8.6 Fishhooks Double Trough Vertebrates.
	Vertebrate Species Common Name
	Count
	Detection
	Comments

	American Black Bear
	1
	sign
	scat nearby

	Canyon Wren
	
	call
	

	Scott's Oriole
	
	call
	and nest

	Fence Lizard
	4
	obs
	

	Summer Tanager
	1
	call
	

	Sapsucker
	1
	sign
	holes

	Tree Lizard
	7
	obs
	



Assessment: Assessment scores were compiled in 6 categories and 36 subcategories, with 6 null condition scores, and 4 null risk scores. Aquifer functionality and water quality are poor with limited restoration potential (average condition score 2.5) and there is moderate risk (average risk score 3.5). Geomorphology condition is very good with excellent restoration potential (average condition score 5.5) and there is moderate risk (average risk score 3.4). Habitat condition is moderate with some restoration potential (average condition score 3.5) and there is low risk (average risk score 2.2). Biotic integrity is good with significant restoration potential (average condition score 4.2) and there is moderate risk (average risk score 3). Human influence of site is very good with excellent restoration potential (average condition score 5.6) and there is low risk (average risk score 2). Administrative context status is moderate with some restoration potential and there is negligible risk. Overall, the site condition is good with significant restoration potential and there is low risk. 

Table 8.7 Fishhooks Double Trough Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	2.5
	3.5

	Geomorphology
	5.5
	3.4

	Habitat
	3.5
	2.2

	Biota
	4.2
	3

	Human Influence
	5.6
	2

	Administrative Context
	3
	1.6

	Overall Ecological Score
	4
	2.5



Management Recommendations: This site is heavily stressed with minimal flow. Surveyors did not recommend management action due to the reduced flow and limited habitat.
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Fig 8.2 Fishhooks Double Trough Sketchmap.
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Fig 8.3 Fishhooks Double Trough.
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Fig 8.4 Fishhooks Double Trough.
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Fig 8.5 Fishhooks Double Trough.
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Fig 8.6 Fishhooks Double Trough.
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Fig 8.7 Fishhooks Double Trough.
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9. Fishhooks Fissure Springs, 4/25/14
Survey Summary Report, Site ID 164098
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Fishhooks Fissure Springs ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Gila Peak USGS Quad, at 33.21761, -109.98003 measured using a GPS (NAD83, estimated position error 5 meters). The elevation is approximately 1312 meters. Joneen Cockman, Larry Stevens, Jeri Ledbetter, and Aaron Beckworth surveyed the site on 4/25/14 for 02:30 hours, beginning at 9:00, and collected data in 10 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

Physical Description: Fishhooks Fissure Springs is a rheocrene spring. This small spring emerges in a rhyolite bedrock channel in a steep, shrub-dominated canyon in the Fishhooks Wilderness. The site has been heavily influenced by runoff. The spring is not noted on topographic maps and is not included in any other major springs database. The microhabitats associated with the spring cover 104 sqm. The site has 5 microhabitats, including A -- a 55 sqm channel, B -- a 13 sqm channel, C -- a 2 sqm sloping bedrock, D -- a 18 sqm terrace, E -- a 17 sqm sloping bedrock. 

Table 9.1 Fishhooks Fissure Springs Microhabitat characteristics.
	Code
	A
	B
	C
	D
	E

	Name
	Bedrock source channel
	Gravel channel
	Sloping bedrock source
	Terrace
	Dry sloping bedrock

	Area sqm
	55
	12.50
	1.50
	18
	17

	Surface type
	CH
	CH
	SB
	TE
	SB

	Surface subtype
	eph
	run
	
	LRZ
	

	Slope variability
	High
	Low
	Med
	Med
	Med

	Aspect TN
	324
	324
	324
	324
	324

	Slope degrees
	7
	3
	7
	6
	6

	Moisture (scale 1-10)
	5
	4
	2
	1
	1

	Water depth cm
	5
	3
	0
	0
	0

	Area % open water
	5
	3
	0
	0
	0

	Substrate
	
	
	
	
	

	1 - Clay %
	0
	0
	0
	0
	0

	2 - Silt %
	2
	0
	0
	0
	0

	3 - Sand %
	2
	20
	10
	10
	3

	4 - Fine gravel %
	2
	35
	20
	20
	0

	5 - Coarse gravel %
	2
	40
	30
	10
	0

	6 - Cobble %
	1
	5
	20
	15
	0

	7 - Boulder %
	0
	0
	0
	25
	0

	8 - Bedrock %
	91
	0
	10
	15
	97

	Organic %
	0
	0
	10
	5
	0

	Other % (anthropogenic)
	0
	0
	0
	0
	0

	Precipitate %
	5
	2
	2
	1
	1

	Litter %
	0.01
	1
	30
	50
	0.10

	Wood %
	0
	1
	1
	25
	0

	Litter Depth (cm)
	0.10
	1
	1
	2
	0.10



Geomorphology: Fishhooks Fissure Springs emerges as a fracture from an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 94% of available solar radiation, with 6637 Mj annually.

Access Directions: Follow the rough 4WD Cherry Stem road to the end. The site is about 900 meters downstream in the main canyon.

Survey Notes: There were standing pools in the bedrock channel (microhabitat A), but there was no flow. The only flow emerged from the sloping bedrock source (microhabitat C). This channelized and continued downstream to 26 meters below the uppermost source, then disappeared into gravel. There were pools in the lower channel with several species of aquatic beetles, as well as snails that may be Pyrgulopsis. A large woodpile indicated significant flash flooding in the past. There was no evidence of human visitation or use. 

Flow: Surveyors measured a flow of 0.021 liters/second, using a timed flow volume capture method. Flow was adjusted for an estimate of 95% of site flow capture. Surveyors measured flow where it is channelized in bedrock, 18.5 m from the uppermost source (see sketchmap). This spring is perennial. 

Water Quality: Surveyors measured water quality in a pit they dug at the base of the bedrock (see sketchmap). The water settled for about an hour. 

Table 9.2 Fishhooks Fissure Springs Water Quality Measurements.
	Characteristic Measured
	Value
	Device

	pH (field)
	8.69
	Hanna/Ph Spear

	Specific conductance (field) (μS/cm)
	860
	Hanna/Ph Spear

	Temperature, air C
	25.8
	Handheld therm

	Temperature, water C
	15.5
	Hanna/Ph Spear



Flora: Plants were identified by Larry Stevens and Joneen Cockman. Surveyors identified 38 plant species at the site, with 0.3654 species/sqm. These included 30 native and 4 nonnative species; the native status of 4 species remains unknown.  


Table 9.3 Fishhooks Fissure Springs Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	30
	11

	Shrub
	9
	3

	Mid-canopy
	0
	0

	Tall canopy
	0
	0

	Basal
	0
	0

	Aquatic
	0
	0

	Non-vascular
	3
	2



Table 9.4 Fishhooks Fissure Springs Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C
	D
	E

	Abronia
	GC
	N
	
	
	0.01
	0
	0
	0
	0

	Acacia greggii
	GC
	N
	F
	
	0
	0
	0
	0.1
	0

	Acacia greggii
	SC
	N
	F
	
	0
	0
	0
	1
	0

	algae
	NV
	N
	A
	
	30
	3
	5
	0
	0

	Anemopsis californica
	GC
	N
	W
	
	0
	0.2
	2
	0
	0

	Artemisia ludoviciana
	GC
	N
	F
	
	0
	1
	0
	0
	0

	Asteraceae
	GC
	N
	
	
	0
	1
	0
	0
	0

	Astragalus
	GC
	N
	U
	
	0
	1
	0
	0
	0

	Baccharis salicifolia
	GC
	N
	R
	
	0
	0.1
	0
	0
	0

	Baccharis salicifolia
	SC
	N
	R
	
	0
	2
	0
	1
	0

	Baccharis sarothroides
	GC
	N
	R
	
	0
	2
	2
	0
	0

	Baccharis sarothroides
	SC
	N
	R
	
	0
	0
	0
	3
	0

	Brickellia californica
	SC
	N
	F
	
	0
	5
	0
	1
	0

	Bromus diandrus
	GC
	I
	F
	
	2
	2
	2
	1
	0

	Bromus rubens
	GC
	I
	U
	
	5
	5
	0.2
	5
	0

	Carex
	GC
	N
	W
	
	0
	0
	3
	0
	0

	Carex
	GC
	N
	W
	collected
	0.1
	0
	0
	0
	0

	Conyza canadensis
	GC
	N
	R
	
	0
	0.1
	0
	0
	0

	Cynodon dactylon
	GC
	I
	F
	
	0
	1
	1
	0.1
	0

	Elymus elymoides
	GC
	N
	F
	
	0
	1
	3
	3
	0

	Ericameria laricifolia
	SC
	N
	U
	
	0
	0
	0
	1
	0

	Erigeron
	GC
	N
	F
	cf divergens
	0
	1
	0
	1
	0

	Galium
	GC
	I
	F
	
	0
	0
	3
	3
	0

	Gnaphalium
	GC
	
	W 
	
	0
	1
	0
	0
	0

	Gutierrezia sarothrae
	SC
	N
	U
	
	0
	0
	0
	1
	0

	Hordeum
	GC
	
	WR
	
	0
	0.2
	0
	0
	0

	Juniperus osteosperma
	SC
	N
	U
	
	3
	8
	70
	15
	0

	Mimulus guttatus
	GC
	N
	W
	
	7
	10
	10
	0
	0

	Plantago purshii
	GC
	N
	
	
	0.01
	0
	0
	0
	0

	Platanus wrightii
	GC
	N
	R
	
	0
	1
	0
	0
	0

	Populus fremontii
	GC
	N
	R
	
	0
	2
	0
	0
	0

	Populus fremontii
	SC
	N
	R
	
	0
	1
	0
	0
	0

	Rumex
	GC
	N
	WR
	
	1
	0
	0
	0
	0

	Salix gooddingii
	SC
	N
	R
	
	0
	2
	0
	0
	0

	Schizachyrium scoparium
	GC
	N
	F
	
	0
	0
	0
	0.8
	0

	Sphaeralcea
	GC
	N
	F
	
	0
	0
	0
	0.3
	0

	Sporobolus contractus
	GC
	N
	F
	
	20
	12
	12
	3
	0

	unknown Forb, annual
	GC
	N
	
	
	0
	0.2
	0
	0
	0

	unknown Graminoid (grass or grasslike)
	GC
	
	
	
	0
	2
	0
	0
	0

	unknown Lichen
	NV
	
	
	
	0
	2
	0
	0
	0

	unknown Moss
	NV
	N
	
	
	0
	1
	20
	1
	0

	Veronica
	GC
	N
	A
	
	0.01
	0
	0
	0
	0



Fauna: Surveyors collected or observed 10 aquatic and 18 terrestrial invertebrate taxa and 16 vertebrate taxa.

Table 9.5 Fishhooks Fissure Springs Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Count
	Species Detail

	Basommatophora Physidae Physella mexicana
	M
	
	Collected spot
	6
	 

	Coleoptera
	Ad
	
	Collected spot
	2
	 

	Coleoptera Buprestidae
	Ad
	T
	Collected spot
	1
	 

	Coleoptera Dytiscidae
	Ad
	A
	Collected spot
	1
	 

	Coleoptera Dytiscidae Laccophilus pictus coccinelloides
	Ad
	A
	Collected spot
	1
	 

	Coleoptera Dytiscidae Rhantus gutticollis
	Ad
	A
	Collected spot
	1
	 

	Coleoptera Hydrophilidae Berosus
	Ad
	A
	Collected spot
	1
	 

	Coleoptera Lycidae Lycus sanguineus
	Ad
	T
	Collected spot
	1
	 

	Diptera
	Ad
	T
	Collected spot
	1
	 

	Diptera Asilidae Promachus albifacies
	Ad
	T
	Collected spot
	1
	 

	Diptera Culicidae
	L
	A
	Collected spot
	5
	 

	Ephemeroptera
	L
	A
	Collected spot
	1
	 

	Hemiptera Coreidae Acanthocephala thomasi
	Ad
	T
	Collected spot
	1
	 

	Hemiptera Gerridae
	L
	A
	Collected spot
	1
	 

	Hemiptera Gerridae Aquarius remigis
	Ad
	A
	Collected spot
	1
	 

	Hemiptera Gerridae Aquarius remigis
	Ad
	A
	Spot
	
	many

	Hymenoptera Apidae Apis mellifera
	Ad
	T
	Spot
	
	

	Hymenoptera Ichneumonidae
	Ad
	T
	Collected spot
	1
	 

	Hymenoptera Megachilidae Lithurgus apicalis
	Ad
	T
	Collected spot
	1
	 Opuntia phaecantha flower

	Isopoda
	Ad
	T
	Collected spot
	1
	 

	Lepidoptera
	Ad
	T
	Collected spot
	1
	 

	Lepidoptera Geometridae
	Ad
	T
	Collected spot
	1
	 Riparian

	Lepidoptera Hesperiidae Atrytonopsis cestus
	Ad
	
	Collected spot
	1
	 

	Lepidoptera Lycaenidae Leptotes marina
	Ad
	T
	Collected spot
	1
	 Riparian

	Lepidoptera Nymphalidae Adelpha eulalia
	Ad
	T
	Spot
	4
	

	Lepidoptera Papilionidae Papilio multicaudata
	Ad
	T
	Spot
	1
	

	Mollusca
	Ad
	A
	Collected spot
	
	many; collected; pyrgulopsis?

	Odonata Coenagrionidae Argia
	Ad
	T
	Collected spot
	2
	sp 1 collected

	Odonata Coenagrionidae Argia
	Ad
	T
	Collected spot
	
	sp 2 collected

	Odonata Coenagrionidae Argia
	Ad
	T
	Collected spot
	
	sp 3 - collected; unique

	Orthoptera
	Ad
	T
	Collected spot
	1
	 



Table 9.6 Fishhooks Fissure Springs Vertebrates.
	Vertebrate Species Common Name
	Count
	Detection
	Comments

	ruby-crowned kinglet
	1
	call
	or golden crowned

	hooded oriole
	1
	call
	

	Townsend's solitaire
	1
	call
	

	chipping sparrow
	1
	call
	

	Western Scrub-jay
	1
	call
	

	canyon wren
	1
	call
	

	cactus wren
	1
	call
	

	Gambel's quail
	1
	call
	

	hummingbird
	1
	call
	caliape or costas?

	mourning dove
	1
	call
	

	ash-throated flycatcher
	1
	call
	

	house finch
	1
	call
	

	ladder-backed woodpecker
	1
	obs
	

	tree lizard
	1
	obs
	several

	Scott's oriole
	1
	call
	

	dove
	2
	obs
	white-winged



Assessment: Assessment scores were compiled in 6 categories and 36 subcategories, with 6 null condition scores, and 4 null risk scores. Aquifer functionality and water quality are moderate with some restoration potential (average condition score 3.5) and there is high risk (average risk score 4). Geomorphology condition is very good with excellent restoration potential (average condition score 5.8) and there is negligible risk (average risk score 1). Habitat condition is moderate with some restoration potential (average condition score 3.8) and there is low risk (average risk score 2.2). Biotic integrity is very good with excellent restoration potential (average condition score 5.8) and there is low risk (average risk score 2). Human influence of site is very good with excellent restoration potential (average condition score 5.6) and there is negligible risk (average risk score 0.9). Administrative context status is moderate with some restoration potential and there is negligible risk. Overall, the site condition is good with significant restoration potential and there is low risk. 

Table 9.7 Fishhooks Fissure Springs Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	3.5
	4

	Geomorphology
	5.75
	1

	Habitat
	3.75
	2.2

	Biota
	5.8
	2

	Human Influence
	5.63
	0.88

	Administrative Context
	3.13
	1.63

	Overall Ecological Score
	4.51
	1.89



[image: ]
Fig 9.1 Fishhooks Fissure Springs Sketchmap.
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Survey Summary Report, Site ID 251405
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Fishhooks Tweener Seep ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Calva USGS Quad, at 33.22861, -110.18389 measured using a GPS (NAD27, estimated position error 7 meters). The elevation is approximately 4321 meters. Jony Cockman, Kyle Tate, Alice Boughan, and Aaron Beckworth surveyed the site on 7/08/14 for 02:30 hours, beginning at 16:00, and collected data in 6 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 10.1 Fishhooks Tweener Seep: Aerial view of the Fishhooks springs complex.

Physical Description: This site is made up of west-facing pink rhyolite that is highly fractured, indicating numerous seepage points. It is part of the Fishhooks springs complex and is 50 meters downstream of Cliff Dwelling spring and 75 meters downstream of Double Trough Spring, which has 3 concrete tanks. The microhabitats associated with the spring cover 955 sqm. The site has 6 microhabitats, including A -- a 175 sqm backwall, B -- a 225 sqm backwall, C -- a 50 sqm sloping bedrock, D -- a 130 sqm channel, E -- a 25 sqm channel, F -- a 350 sqm terrace. The geomorphic diversity is 0.67, based on the Shannon-Weiner diversity index.

Table 10.1 Fishhooks Tweener Seep Microhabitat characteristics.
	Code
	A
	B
	C
	D
	E
	F

	Name
	Outcrop
	Vegetated Outcrop
	Seep
	Channel
	Collection Pools
	Pointbar

	Area sqm
	175
	225
	50
	130
	25
	350

	Surface type
	BW
	BW
	SB
	CH
	CH
	TE

	Surface subtype
	
	
	
	eph
	eph
	

	Slope variability
	Low
	Low
	Low
	Med
	Low
	Low

	Slope degrees
	90
	75
	35
	10
	2
	10

	Moisture (scale 1-10)
	1
	5
	7
	1
	1
	1

	Water depth cm
	0
	0
	0.1
	0
	0
	0

	Area % open water
	0
	0
	0
	10
	0
	0

	Substrate
	
	
	
	
	
	

	1 - Clay %
	0
	0
	0
	1
	0
	5

	2 - Silt %
	0
	0
	0
	4
	5
	15

	3 - Sand %
	0
	0
	0
	15
	10
	25

	4 - Fine gravel %
	0
	0
	0
	15
	15
	20

	5 - Coarse gravel %
	0
	0
	0
	20
	20
	15

	6 - Cobble %
	0
	0
	0
	10
	25
	15

	7 - Boulder %
	0
	0
	0
	5
	0
	5

	8 - Bedrock %
	100
	100
	100
	30
	25
	0

	Organic %
	0
	0
	0
	0
	0
	0

	Other % (anthropogenic)
	0
	0
	0
	0
	0
	0

	Precipitate %
	0
	5
	20
	5
	10
	0

	Litter %
	0
	30
	25
	30
	15
	15

	Wood %
	0
	5
	1
	7
	5
	5

	Litter Depth (cm)
	0
	10
	4
	4
	2
	5



Geomorphology: Fishhooks Tweener Seep emerges as a fracture from the Tertiary volcanic, an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 57% of available solar radiation, with 4034 Mj annually.

Survey Notes: The rock face has collections of mulch pockets and shallow soil buildup at the lower edge. The soil is 2 cm deep with many fine and small roots. The soil appears to stay saturated but is very shallow on top of the bedrock and moisture moves through quickly. The rock face has numerous calcic precipitate stains. 

Flow: This spring is ephemeral. Surveyors were unable to measure flow because there was too little outflow to measure.

Flora: Surveyors identified 40 plant species at the site, with 0.0419 species/sqm. These included 30 native and 1 nonnative species; the native status of 9 species remains unknown.  

Table 10.2 Fishhooks Tweener Seep Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	10
	1

	Shrub
	26
	5

	Mid-canopy
	6
	1

	Tall canopy
	5
	1

	Basal
	2
	1

	Aquatic
	0
	0

	Non-vascular
	4
	0



Table 10.3 Fishhooks Tweener Seep Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C
	D
	E
	F

	Acacia greggii
	SC
	N
	F
	
	0
	0
	0
	0
	0
	0.1

	Anisacanthus thurberi
	SC
	N
	
	
	0
	0.1
	0
	0
	0
	1

	Artemisia
	GC
	N
	U
	
	1
	0.1
	0
	0
	3
	1

	Asteraceae
	SC
	NI
	
	
	0
	2
	0
	0
	0
	0

	Asteraceae
	SC
	NI
	
	perennial
	0
	0
	25
	0
	0
	5

	Baccharis
	SC
	N
	R
	
	0
	0
	0
	0.1
	5
	5

	Berberis
	SC
	
	
	
	0
	2
	0
	0
	0
	0

	Bouteloua curtipendula
	GC
	N
	U
	
	0.1
	0
	0
	0
	0
	0

	Brickellia
	SC
	
	F
	
	1
	1
	0
	0
	0.1
	0.1

	Bromus rubens
	GC
	I
	U
	
	0
	0
	0
	0
	0.1
	2

	Ceanothus greggii
	SC
	N
	U
	
	0
	1
	0
	0
	0
	0.1

	Celtis reticulata
	SC
	N
	F
	
	0
	0
	0
	0.1
	0
	3

	Dasylirion
	SC
	
	
	
	0
	1
	0
	0
	0
	1

	Ericameria laricifolia
	SC
	N
	U
	
	0.1
	0
	0
	0
	0
	0

	Fraxinus velutina
	SC
	N
	R
	
	0
	0
	0
	0
	0
	1

	Galium
	GC
	N
	
	
	0
	2
	0
	0
	0
	0

	Garrya
	SC
	
	U
	
	0
	0.1
	0
	0
	0
	0

	Hymenoclea
	SC
	
	R
	
	0
	0
	0
	0
	0
	0.1

	Juniperus deppeana
	MC
	N
	U
	
	0
	0
	0
	0
	0
	2

	Juniperus deppeana
	SC
	N
	U
	
	0
	0
	0
	0
	0
	1

	Juniperus deppeana
	TC
	N
	U
	
	0
	0
	0
	0
	0
	2

	Juniperus monosperma
	MC
	N
	U
	
	0
	0
	0
	0
	10
	3

	Juniperus monosperma
	SC
	N
	U
	
	0
	0
	0
	0
	10
	1

	Koeleria cristata
	GC
	
	
	
	0
	0
	0
	0
	1
	0

	Lichen
	NV
	N
	U
	brown
	10
	0
	0
	0
	0
	0

	Lichen
	NV
	N
	U
	gray
	5
	0
	0
	0
	0
	0

	Lichen
	NV
	N
	U
	green
	30
	0
	0
	0
	0
	0

	Mimulus guttatus
	GC
	N
	WR
	
	0
	0
	0
	0
	10
	0

	Muhlenbergia rigens
	GC
	N
	U
	
	0
	0.1
	10
	1
	3
	10

	Muhlenbergia wrightii
	SC
	N
	U
	
	0
	0
	0
	0
	0
	0.1

	Nolina
	SC
	
	F
	
	0
	0.1
	1
	0
	0
	0

	Opuntia phaeacantha
	GC
	N
	U
	
	0
	0.1
	0
	0
	0
	0

	Pellaea truncata
	GC
	N
	
	
	0.1
	0
	0
	0
	0
	0

	Phoradendron leucarpum
	SC
	N
	
	
	0
	0
	0
	0
	0
	0.1

	Pinus
	BC
	
	U
	
	0
	0.1
	0
	0
	0
	0

	Pinus
	MC
	
	U
	
	0
	3
	1
	0
	0
	0

	Pinus
	SC
	
	U
	
	0
	1
	0
	0
	0
	0

	Pinus
	TC
	
	U
	
	0
	1
	0
	0
	0
	0

	Populus fremontii
	BC
	N
	R
	
	0
	0.01
	0
	0
	0
	1

	Populus fremontii
	MC
	N
	R
	
	0
	2
	30
	5
	0
	10

	Populus fremontii
	SC
	N
	R
	
	0
	1
	0.1
	1
	1
	2

	Populus fremontii
	TC
	N
	R
	
	0
	3
	5
	5
	0
	5

	Quercus turbinella
	MC
	N
	U
	
	0
	0
	0
	0.1
	0
	2

	Quercus turbinella
	SC
	N
	U
	
	0
	0
	0
	1
	0
	5

	Quercus turbinella
	TC
	N
	U
	
	0
	0
	0
	0.1
	0
	0

	Rhamnus
	MC
	
	
	
	0
	2
	3
	0
	0
	6

	Rhamnus
	SC
	
	
	
	0
	1.1
	0
	0.1
	0
	8

	Rhamnus
	TC
	
	
	
	0
	0
	0
	0
	0
	5

	Rhus trilobata
	SC
	N
	F
	
	0
	0
	0
	0
	0
	3

	unknown Bryophyte (moss, liverwort, hornwort)
	NV
	N?
	
	
	0
	0
	50
	0
	0
	0

	unknown dicot
	GC
	NI
	
	annual
	0
	0
	0
	0.1
	0
	0

	unknown dicot
	SC
	NI
	
	
	0
	0
	0
	0
	0
	0.1

	Vitis arizonica
	SC
	N
	R
	
	0
	0.1
	0
	0
	0
	0.1



Fauna: Surveyors collected or observed 3 terrestrial invertebrate taxa and 9 vertebrate taxa.

Table 10.4 Fishhooks Tweener Seep Invertebrates.
	Species
	Lifestage
	Habitat
	Method

	Diptera
	Ad
	T
	Spot

	Lepidoptera Nymphalidae Adelpha bredowii
	Ad
	T
	Spot

	Orthoptera
	Ad
	T
	Spot



Table 10.5 Fishhooks Tweener Seep Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	Summer Tanager
	obs
	

	Rock Wren
	obs
	

	Lark Bunting
	obs
	

	Turkey Vulture
	obs
	

	American Black Bear
	sign
	scat

	Hooded Oriole
	obs
	

	Mourning Dove
	obs
	

	Bat
	obs
	

	Bullock's Oriole
	obs
	



Assessment: Assessment scores were compiled in 5 categories and 30 subcategories, with 12 null condition scores, and 16 null risk scores. Aquifer functionality and water quality are good with significant restoration potential (average condition score 4.3) and there is moderate risk (average risk score 3). Geomorphology condition is very good with excellent restoration potential (average condition score 5.5) and there is negligible risk (average risk score 1.5). Habitat condition is moderate with some restoration potential (average condition score 3.6) and there is negligible risk (average risk score 1.8). Biotic integrity is excellent with no need for restoration (average condition score 6.3) and there is low risk (average risk score 2.4). Human influence of site is very good with excellent restoration potential (average condition score 5.6) and there is negligible risk (average risk score 1.4). Overall, the site condition is very good with excellent restoration potential and there is low risk. 

Table 10.6 Fishhooks Tweener Seep Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	4.3
	3

	Geomorphology
	5.5
	1.5

	Habitat
	3.6
	1.8

	Biota
	6.3
	2.4

	Human Influence
	5.6
	1.4

	Overall Ecological Score
	5.2
	2



Management Recommendations: The aquifer that feeds this springs complex is at risk due to drought. There are obligate species at this site that are also at risk due to drought.

[image: ]
Fig 10.2 Fishhooks Tweener Seep Sketchmap.
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Location: The Keystone Dam Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Ash Creek Ranch USGS Quad, at 33.25472, -110.09944 measured using a GPS (NAD27, estimated position error 8 meters). The elevation is approximately 4105 meters. Kyle Tate, Aaron Beckworth, Shawn Nelson, and Alice Boughan surveyed the site on 5/28/14 for 03:00 hours, beginning at 12:00, and collected data in 6 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

[image: ]
Fig 11.1 Keystone Dam Spring: Keystone dam in the drainage.

Physical Description: Keystone Dam Spring is a rheocrene/anthropogenic spring. This site is an ephemeral, west-facing catchment filled with gravel. The microhabitats associated with the spring cover 105 sqm. The site has 2 microhabitats, including A -- a 84 sqm channel, B -- a 21 sqm backwall. The geomorphic diversity is 0.22, based on the Shannon-Weiner diversity index.
Table 11.1 Keystone Dam Spring Microhabitat characteristics.
	Code
	A
	B

	Name
	Water Catchment Area
	Rock Face and Concrete Wall

	Area sqm
	84
	21

	Surface type
	CH
	BW

	Surface subtype
	
	anthro

	Slope variability
	Low
	Low

	Slope degrees
	2
	5

	Water depth cm
	0
	0

	Area % open water
	0
	0



Geomorphology: Keystone Dam Spring emerges as a seepage or filtration from an igneous rock layer. The emergence environment is subaerial, with an anthropogenic flow force mechanism. The site receives approximately 82% of available solar radiation, with 5785 Mj annually.

Access Directions: From Ft. Thomas, AZ on Hwy 70, take River Road north (1.3 miles), cross the Gila River and turn right (west) on River Road frontage. Proceed west about 4.8 miles to a 90-degree turn going uphill and north. (If you were to proceed straight west from this point you would drive into a posted ranch yard.) Proceed 0.7 miles north and west to a T intersection. From the T, proceed 2.0 miles west-northwest to a Y intersection. From the ranch headquarters, proceed 0.2 miles northeast to a large dirt tank and scraped area. Park here.  A hiking trail ventures northeast away from the main drainage. Hike 0.5 miles northeast and hook back up with the main drainage. The Keystone corrals, cabin, and dam infrastructure are up-drainage from this intersection, all within 0.15 miles.

Flow: Surveyors were unable to measure flow because the spring was dry at the time of the survey.

Flora: Surveyors identified 24 plant species at the site, with 0.2286 species/sqm. These included 18 native and 1 nonnative species; the native status of 5 species remains unknown.  

Table 11.2 Keystone Dam Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	13
	0

	Shrub
	8
	0

	Mid-canopy
	0
	0

	Tall canopy
	0
	0

	Basal
	2
	0

	Aquatic
	0
	0

	Non-vascular
	5
	0



Table 11.3 Keystone Dam Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B

	Aristida purpurea
	GC
	N
	U
	
	0.05
	0

	Baccharis sarothroides
	BC
	N
	R
	
	1
	0

	Baccharis sarothroides
	SC
	N
	R
	
	3
	0

	Cynodon dactylon
	GC
	I
	F
	
	15
	0

	Ericameria laricifolia
	SC
	N
	U
	
	0.05
	0

	Erigeron
	GC
	N
	F
	
	0.05
	0

	Euphorbia albomarginata
	GC
	
	
	
	0
	0.05

	Gutierrezia sarothrae
	SC
	N
	U
	
	2
	0

	Leptochloa dubia
	GC
	N
	
	
	0.05
	0

	Lichen
	NV
	N
	U
	brown
	0
	0.05

	Lichen
	NV
	N
	U
	gray
	0
	1

	Lichen
	NV
	N
	U
	green
	0
	1

	Lichen
	NV
	N
	U
	yellow
	0
	0.05

	Muhlenbergia rigens
	GC
	N
	U
	
	1
	0

	Nicotiana obtusifolia
	GC
	N
	U
	
	0.05
	0

	Nicotiana obtusifolia
	SC
	N
	U
	
	0.03
	0.05

	Opuntia
	SC
	
	U
	
	0.05
	0.05

	Poaceae
	GC
	NI
	
	
	0.05
	0

	Poaceae
	GC
	NI
	
	
	0.05
	0

	Poaceae
	GC
	NI
	
	
	0.05
	0.05

	Prosopis velutina
	GC
	N
	F
	
	0.05
	0

	Prosopis velutina
	SC
	N
	F
	
	1
	0

	Sphaeralcea
	GC
	N
	U
	
	0.05
	0

	unknown
	BC
	
	
	
	0.05
	0.05

	unknown
	GC
	
	
	
	0
	0.05

	unknown
	SC
	
	
	
	0.05
	0

	unknown
	SC
	
	
	unknown annual forb 
	0.05
	0

	unknown Bryophyte (moss, liverwort, hornwort)
	NV
	N?
	
	moss
	0
	0.05



Fauna: Surveyors collected or observed 3 terrestrial invertebrate taxa and 7 vertebrate taxa.

Table 11.4 Keystone Dam Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Hymenoptera Vespidae Vespula
	Ad
	T
	Spot
	wasps

	Lepidoptera
	Ad
	T
	Spot
	orange and black butterfly

	Lepidoptera Papilionidae Papilio polyxenes
	Ad
	T
	Spot
	




Table 11.5 Keystone Dam Spring Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	American Black Bear
	sign
	tracks

	Coyote
	sign
	tracks and scat

	Red-tailed Hawk
	obs
	

	Ladder-backed Woodpecker
	obs
	

	Horse
	sign
	scat

	Cactus Wren
	obs
	

	Lizard
	obs
	multiple



Assessment: Assessment scores were compiled in 4 categories and 30 subcategories, with 12 null condition scores, and 42 null risk scores. Aquifer functionality and water quality are undetermined due to null scores (average condition score 0) and there is undetermined risk due to null scores (average risk score 0). Geomorphology condition is undetermined due to null scores (average condition score 0) and there is undetermined risk due to null scores (average risk score 0). Habitat condition is poor with limited restoration potential (average condition score 2.6) and there is undetermined risk due to null scores (average risk score 0). Biotic integrity is moderate with some restoration potential (average condition score 3.3) and there is undetermined risk due to null scores (average risk score 0). Human influence of site is moderate with some restoration potential (average condition score 3.8) and there is undetermined risk due to null scores (average risk score 0). Overall, the site condition is good with significant restoration potential and there is undetermined risk due to null scores. 

Table 11.6 Keystone Dam Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition

	Aquifer Functionality & Water Quality
	0

	Geomorphology
	0

	Habitat
	2.6

	Biota
	3.3

	Human Influence
	3.8

	Administrative Context
	5.2

	Overall Ecological Score
	3.9
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Fig 11.2 Keystone Dam Spring Sketchmap.
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Fig 11.3 Keystone Dam Spring: Aerial view.
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Fig 11.4 Keystone Dam Spring: Crew member Aaron doing soil work at the base of the dam.
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Fig 11.5 Keystone Dam Spring: Surveyors scooping out the catchment.
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12. Lower Cane Springs, 4/22/14
Survey Summary Report, Site ID 17555
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Lower Cane Springs ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.19826, -110.03699 measured using a GPS (NAD83). The elevation is approximately 1107 meters. Sharlea Ellett surveyed the site on 4/22/14 for 01:45 hours, beginning at 11:00, and collected data in 6 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 12.1 Lower Cane Springs: Aerial view of upper and lower Cane Spring.

Physical Description: Lower Cane Springs is a rheocrene spring. The drainage is dry. The microhabitat associated with the spring covers 30 sqm. The site has 1 microhabitat, A -- a 30 sqm channel. 




Table 12.1 Lower Cane Springs Microhabitat characteristics.
	Code
	A

	Name
	Dry drainage

	Area sqm
	30

	Surface type
	CH

	Surface subtype
	eph

	Slope variability
	Low

	Slope degrees
	5

	Moisture (scale 1-10)
	0

	Water depth cm
	0

	Area % open water
	0

	Substrate
	

	1 - Clay %
	0

	2 - Silt %
	1

	3 - Sand %
	24

	4 - Fine gravel %
	20

	5 - Coarse gravel %
	20

	6 - Cobble %
	25

	7 - Boulder %
	10

	8 - Bedrock %
	0

	Organic %
	0

	Other % (anthropogenic)
	0

	Precipitate %
	0

	Litter %
	20

	Wood %
	1

	Litter Depth (cm)
	1



Geomorphology: Lower Cane Springs emerges as a seepage or filtration from a sedimentary, conglomerate rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. 

Survey Notes: This is a completely dry drainage.  The only evidence of the old spring is a salt cedar. 

Flow: This spring is ephemeral. Surveyors were unable to measure flow because the spring was dry at the time of the survey.

Flora: Surveyors identified 5 plant species at the site, with 0.1667 species/sqm. These included 2 native and 1 nonnative species; the native status of 2 species remains unknown.  




Table 12.2 Lower Cane Springs Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	5
	1

	Shrub
	1
	1

	Mid-canopy
	0
	0

	Tall canopy
	0
	0

	Basal
	0
	0

	Aquatic
	0
	0

	Non-vascular
	0
	0



Table 12.3 Lower Cane Springs Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A

	Bothriochloa barbinodis
	GC
	N
	F
	1

	Euphorbia
	GC
	
	U
	10

	Helianthus
	GC
	N
	F
	0.05

	Hilaria
	GC
	
	
	0.05

	Tamarix ramosissima
	GC
	I
	WR
	20

	Tamarix ramosissima
	SC
	I
	WR
	30



Fauna: Surveyors collected or observed 3 terrestrial invertebrate taxa.

Table 12.4 Lower Cane Springs Invertebrates.
	Species
	Habitat

	Diptera
	T

	Hymenoptera Apidae
	T

	Hymenoptera Xyelidae   
	T



Assessment: Assessment scores were compiled in 5 categories and 42 subcategories, with 0 null condition scores, and 42 null risk scores. Aquifer functionality and water quality are undetermined due to null scores (average condition score 0) and there is extreme risk (average risk score 6). Geomorphology condition is excellent with no need for restoration (average condition score 6.2) and there is extreme risk (average risk score 6). Habitat condition is moderate with some restoration potential (average condition score 3) and there is extreme risk (average risk score 6). Biotic integrity is moderate with some restoration potential (average condition score 3.8) and there is extreme risk (average risk score 6). Human influence of site is excellent with no need for restoration (average condition score 6) and there is extreme risk (average risk score 6). Administrative context status is moderate with some restoration potential and there is extreme risk. Overall, the site condition is moderate with some restoration potential and there is extreme risk. 


Table 12.5 Lower Cane Springs Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	0
	6

	Geomorphology
	6.2
	6

	Habitat
	3
	6

	Biota
	3.8
	6

	Human Influence
	6
	6

	Administrative Context
	3.2
	6

	Overall Ecological Score
	3.7
	6



[image: ]
Fig 12.2 Lower Cane Springs Sketchmap.
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Survey Summary Report, Site ID 13504
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Rattlesnake Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.23835, -110.05286 measured using a GPS (NAD27, estimated position error 17 meters). The elevation is approximately 1295 meters. Kyle Tate, Aaron Beckworth, Shawn Nelson, and Alice Boughan surveyed the site on 6/03/14 for 03:00 hours, beginning at 12:00, and collected data in 5 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

Physical Description: Rattlesnake Spring is a rheocrene spring.  The microhabitats associated with the spring cover 2451 sqm. The site has 6 microhabitats, including B -- a 4 sqm anthropogenic feature, C -- a 42 sqm backwall, D -- a 230 sqm colluvial slope, E -- a 350 sqm channel, F -- a 1800 sqm channel. The geomorphic diversity is 0.37, based on the Shannon-Weiner diversity index.

Table 13.1 Rattlesnake Spring Microhabitat characteristics.
	Code
	A
	B
	C
	D
	E
	F

	Name
	Water Catchment Area
	Rock Dam
	Rock Face
	Hillslope
	Water Catchment Area
	Secondary Channel Bottom

	Area sqm
	25
	4
	42
	230
	350
	1800

	Surface type
	PP
	OTH
	BW
	CS
	CH
	CH

	Surface subtype
	
	anthro
	
	
	
	

	Slope variability
	Low
	Low
	Low
	Low
	Low
	Low

	Slope degrees
	6
	90
	90
	5
	6
	6

	Moisture (scale 1-10)
	4
	0
	1
	0
	0
	0

	Water depth cm
	0
	0
	0
	0
	0
	0

	Area % open water
	0
	0
	0
	0
	0
	0

	Precipitate %
	0
	0
	0
	0
	0
	0

	Litter %
	0
	0
	0
	0
	0
	0

	Wood %
	0
	0
	0
	0
	0
	0



Geomorphology: Rattlesnake Spring emerges as a fracture from an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. 


Access Directions: Sam Canyon is about 7.8 miles from the ranch headquarters. From Sam Canyon Corral, proceed 1-mile northwest (past Long Street Tank) to an obscure 2 track venturing to the southwest. This is a little used 2-track. Follow the 2-track for 2.2 miles to the confluence of Sam Canyon and the next larger drainage. Drive or hike up the drainage (west) for 0.15 miles to Rattle Snake Spring. It is a rheocrene with a dam structure.

Flora: Surveyors identified 31 plant species at the site, with 0.0126 species/sqm. These included 20 native and 2 nonnative species; the native status of 9 species remains unknown.  

Table 13.2 Rattlesnake Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	14
	0

	Shrub
	10
	3

	Mid-canopy
	4
	4

	Tall canopy
	2
	2

	Basal
	3
	2

	Aquatic
	0
	0

	Non-vascular
	4
	1



Table 13.3 Rattlesnake Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C
	D
	E
	F

	Acourtia
	
	
	
	
	0
	0
	0
	0
	0
	0.5

	Anaphalis
	NV
	
	U
	
	0
	0
	2.5
	0
	0
	0

	Artemisia
	SC
	N
	F
	
	0
	0
	0
	1
	0
	0.5

	Aster
	SC
	
	
	
	0
	0
	0
	0.5
	0
	0

	Brickellia californica
	GC
	N
	F
	
	0
	0
	0.5
	7
	0
	0

	Bromus rubens
	GC
	I
	U
	
	0
	0
	0
	1
	0
	2

	Celtis
	BC
	
	R
	
	0
	0
	0
	1
	0
	0

	Celtis
	MC
	
	R
	
	0
	0
	0
	8
	2
	3

	Celtis
	SC
	
	R
	
	0
	0
	0
	20
	0
	3

	Celtis
	TC
	
	R
	
	0
	0
	0
	0
	0
	1

	Conyza
	GC
	
	F
	
	0
	0
	0
	0.5
	0
	1

	Dasylirion wheeleri
	SC
	N
	
	
	0
	0
	0
	1
	0
	0

	Eragrostis intermedia
	GC
	N
	
	
	0
	0
	0
	0.5
	0.5
	0

	Ericameria laricifolia
	SC
	N
	U
	
	0
	0
	0.5
	1
	0
	0.5

	Lichen
	NV
	N
	U
	
	0
	0
	2.5
	0.5
	0
	0

	Lichen
	NV
	N
	U
	Orange
	0
	0
	0.5
	0
	0
	0

	Lolium
	GC
	
	
	
	0
	0
	0
	1
	0
	0

	Morus
	BC
	I
	R
	
	0
	0
	0.5
	0.5
	0
	0

	Morus
	MC
	I
	R
	
	0
	0
	0.5
	3
	0
	0

	Morus
	SC
	I
	R
	
	0
	0
	0.5
	2
	0
	0

	Muhlenbergia ramulosa
	GC
	N
	
	
	0
	0
	0
	0
	1
	0

	Muhlenbergia wrightii
	GC
	N
	U
	
	0
	0
	0.5
	0
	0
	0

	Opuntia
	GC
	
	U
	
	0
	0
	0
	0.5
	0
	0

	Penstemon eatonii
	GC
	N
	U
	
	0
	0
	0.5
	1
	0
	0

	Pinus monophylla
	GC
	N
	U
	
	0
	0
	0
	0.5
	0
	0

	Populus fremontii
	MC
	N
	R
	
	0
	0
	0
	10.5
	5
	0

	Populus fremontii ssp. fremontii
	BC
	N
	
	
	0
	0
	0
	0.5
	1
	0

	Rhus aromatica
	SC
	N
	
	
	0
	0
	0
	1
	0
	0

	Salix nigra
	
	N
	WR
	
	0
	0
	0
	4
	0
	0

	Salix nigra
	MC
	N
	WR
	
	0
	0
	0
	0
	3
	0

	Salix nigra
	SC
	N
	WR
	
	0
	0
	0
	6
	0
	0

	Salix nigra
	TC
	N
	WR
	
	0
	0
	0
	2
	5
	0

	Salvia spathacea
	SC
	N
	
	Hummingbird bush
	0
	0
	0
	5
	1
	0

	Sphaeralcea laxa
	GC
	N
	
	
	0
	0
	0.5
	0
	0
	0.5

	Stachys coccinea
	GC
	N
	
	
	0
	0
	0
	0.5
	0
	0

	Trixis californica
	SC
	N
	
	
	0
	0
	0.5
	1
	0
	0

	unknown grass
	GC
	
	
	Bear Grass
	0
	0
	0.5
	0.5
	0
	0

	unknown Moss
	NV
	N?
	
	
	0
	0
	1
	1
	0
	0

	unknown shrub
	GC
	
	
	Oak
	0
	0
	0
	0
	1
	0



Fauna: Surveyors collected or observed 1 terrestrial invertebrate taxon and 2 vertebrate taxa.

Table 13.4 Rattlesnake Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Count
	Species Detail

	Hymenoptera Apidae
	Ad
	T
	Spot
	100
	several



Table 13.5 Rattlesnake Spring Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	coyote
	sign
	scat

	American black bear
	sign
	tracks
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14. Sam Canyon Corral Spring, 6/04/14
Survey Summary Report, Site ID 175509
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Sam Canyon Corral Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Ash Creek Ranch USGS Quad, at 33.25600, -110.04279 (WGS84). The elevation is approximately 1303 meters. Jony Cockman, Alice Boughan, Kyle Tate, and Shawn Nelson surveyed the site on 6/04/14 for 06:30 hours, beginning at 10:00, and collected data in 9 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.
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Fig 14.1 Sam Canyon Corral Spring: Microhabitat A: the inundated cattail drainage with willow.

Physical Description: Sam Canyon Corral Spring is a rheocrene/gushet spring. This site includes two seep points inside a wildlife exclosure at the corrals. The microhabitats associated with the spring cover 2825 sqm. The site has 8 microhabitats, including A -- a 187 sqm channel, B -- a 240 sqm channel, C -- a 469 sqm colluvial slope, D -- a 1056 sqm colluvial slope, E -- a 195 sqm channel, F -- a 198 sqm channel, G -- a 178 sqm channel, H -- a 302 sqm channel. The geomorphic diversity is 0.80, based on the Shannon-Weiner diversity index.

Table 14.1 Sam Canyon Corral Spring Microhabitat characteristics.
	Code
	A
	B
	C
	D
	E
	F
	G
	H

	Name
	Cattail drainage
	Drainage gallery
	Calf run upland
	Sycamore campground upland
	Muhli drainage outside
	Bedrock pool outside
	Overflow channel
	Bedrock Seep

	Area sqm
	187
	240
	469
	1056
	195
	198
	178
	302

	Surface type
	CH
	CH
	CS
	CS
	CH
	CH
	CH
	CH

	Surface subtype
	riffle
	riffle
	anthro
	
	riffle
	riffle
	riffle
	riffle

	Slope variability
	Low
	Low
	Low
	Med
	Low
	Low
	Med
	Low

	Aspect TN
	290
	290
	290
	190
	290
	290
	290
	290

	Slope degrees
	2
	3
	2
	5
	2
	2
	3
	2

	Moisture (scale 1-10)
	10
	2
	0
	0
	4
	4
	0
	10

	Water depth cm
	12.5
	0
	
	0
	0
	0
	0
	10

	Area % open water
	90
	0
	
	0
	0
	0
	0
	5

	Substrate
	
	
	
	
	
	
	
	

	1 - Clay %
	1
	2.5
	7
	10
	0
	0
	5
	0

	2 - Silt %
	1
	2.5
	7
	10
	0
	0
	5
	0

	3 - Sand %
	18
	5
	60
	70
	5
	0
	45
	0

	4 - Fine gravel %
	10
	2.5
	10
	1
	12.5
	0
	2.5
	0

	5 - Coarse gravel %
	10
	2.5
	10
	1
	12.5
	0
	2.5
	0

	6 - Cobble %
	40
	10
	5
	3
	25
	5
	30
	5

	7 - Boulder %
	20
	25
	1
	5
	45
	5
	10
	5

	8 - Bedrock %
	0
	50
	0
	0
	0
	90
	0
	90

	Organic %
	60
	30
	90
	60
	5
	1
	30
	0

	Other % (anthropogenic)
	0
	0
	0
	0
	0
	0
	0
	0

	Precipitate %
	0
	0
	0
	0
	0
	1
	0
	5

	Litter %
	40
	30
	40
	60
	10
	1
	30
	5

	Wood %
	10
	10
	5
	10
	2
	5
	15
	1

	Litter Depth (cm)
	10
	5
	
	3
	
	
	3
	0.1



Geomorphology: Sam Canyon Corral Spring emerges as a fracture from an igneous rock layer. The emergence environment is subaerial, with an artesian flow force mechanism. The site receives approximately 12% of available solar radiation, with 813 Mj annually.

Access Directions: Sam Canyon Corral is about 4.5 miles from the ranch headquarters.  Proceed on the middle fork toward Dry Knife Spring.  About 1.65 miles west of Dry Knife you will enter a significant drainage.  Switch back at the bottom of the drainage south 0.1 miles to Sam Canyon Corral.  The heart of the spring system is in the holding pen/corral complex.

Survey Notes: There is a drainage (microhabitat A) that contains water lined with cattail thicket. A seeping pool (microhabitat F) is in the middle of an inundated stretch of drainage. Another seeping pool (microhabitat H) is in a bedrock crevice outside of the corral.  The site appears to be fed by soil/water draining from the calf pen upslope. 

Flow: The only water was standing water in pools. This spring is perennial. Surveyors were unable to measure flow because there was no outflow.

Water Quality: Surveyors measured water quality at point 1 in the drainage (microhabitat A) in the exclosure at the corral, in a natural pocket of water 8 inches deep in cattail thicket. Point 2 was in the bedrock seep pool in a crevice (microhabitat H). Location 1: in a pool in standing water. Location 2: in a pool in standing water.

Table 14.2 Sam Canyon Corral Spring Water Quality Measurements.
	Characteristic Measured
	Value
	Location Number
	Device

	Dissolved oxygen (field) (mg/L)
	1.26
	1
	Hanna Hydrolab

	Dissolved Solids (field) (ppt)
	0.2825
	1
	Hanna Hydrolab

	pH (field)
	6.79
	1
	Hanna Hydrolab

	Specific conductance (field) (μS/cm)
	560
	1
	Hanna Hydrolab

	Temperature, water C
	15.4
	1
	Hanna Hydrolab

	Dissolved oxygen (field) (mg/L)
	0.16
	2
	Hanna Hydrolab

	Dissolved Solids (field) (ppt)
	0.4015
	2
	Hanna Hydrolab

	pH (field)
	7.46
	2
	Hanna Hydrolab

	Specific conductance (field) (μS/cm)
	806
	2
	Hanna Hydrolab

	Temperature, water C
	14.9
	2
	Hanna Hydrolab



Flora: Surveyors identified 72 plant species at the site, with 0.0255 species/sqm. These included 49 native and 7 nonnative species; the native status of 16 species remains unknown.  






Table 14.3 Sam Canyon Corral Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	45
	8

	Shrub
	21
	5

	Mid-canopy
	7
	2

	Tall canopy
	4
	2

	Basal
	3
	2

	Aquatic
	1
	1

	Non-vascular
	2
	1



Table 14.4 Sam Canyon Corral Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C
	D
	E
	F
	G
	H

	Agropyron smithii
	GC
	N
	F
	
	0
	0
	0
	0
	0
	0
	0.5
	0

	Agrostis gigantea
	GC
	I
	F
	
	1
	0.05
	0
	0
	0
	0.01
	0
	0

	algae
	AQ
	N
	A
	
	0
	0
	0
	0
	0
	10
	0
	0

	Anaphalis margaritacea
	GC
	N
	U
	
	0
	0
	0
	1
	0
	0
	0
	0

	Anisacanthus thurberi
	SC
	N
	
	
	0
	0
	0
	0.5
	0
	0
	0
	0

	Artemisia
	GC
	N
	F
	
	0
	0.05
	0
	0
	0.01
	1
	3
	2

	Baccharis salicifolia
	SC
	N
	R
	
	0
	0.05
	1
	0
	0
	0
	0
	0

	Berberis
	MC
	
	
	
	0
	0
	0
	1
	0
	0
	0
	0

	Berberis
	SC
	
	
	
	0
	0
	0
	1
	0
	0
	1
	0

	Bothriochloa laguroides
	
	N
	U
	
	0
	0
	0
	0
	0
	0
	0.5
	0

	Bouteloua curtipendula
	GC
	N
	U
	
	0
	0
	0
	0
	0
	0
	1
	0

	Brassicaceae
	GC
	NI
	
	
	0
	0
	0
	0.5
	0
	0
	0
	0

	Brickellia californica
	SC
	N
	F
	
	0
	3
	0
	0.5
	0
	1
	3
	1

	Bromus inermis
	GC
	I
	F
	
	0
	0
	0
	0.5
	0
	0
	0
	0

	Bromus rubens
	GC
	I
	U
	
	0
	0
	30
	0
	0
	1
	5
	1

	Carex
	GC
	N
	W
	Iris Sedge
	5
	0.05
	0
	0
	0
	0
	0
	0

	Carex
	GC
	N
	W
	Sedge A (smaller)
	1
	0
	0
	0
	0
	0
	0
	0

	Carex
	GC
	N
	W
	Sedge B (larger)
	1
	0
	0
	0
	0
	0
	0
	0

	Ceanothus
	SC
	N
	U
	
	0
	0
	0
	0
	0
	0
	2
	0

	Celtis reticulata
	MC
	N
	F
	
	0
	0
	5
	1
	0
	1
	0
	0

	Celtis reticulata
	SC
	N
	F
	
	0
	0
	5
	1
	1
	1
	0.5
	0

	Celtis reticulata
	TC
	N
	F
	
	0
	0
	0
	2
	0
	0
	0
	0

	Cirsium
	GC
	NI
	F
	
	0.05
	0
	0
	0
	0
	0
	0
	0

	Cylindropuntia imbricata
	SC
	N
	
	
	0
	0
	2
	0
	0
	0
	0
	0

	Cynodon dactylon
	GC
	I
	F
	
	1
	0
	0
	0
	0.01
	0.01
	0
	0

	Elymus elymoides
	GC
	N
	F
	
	0
	0
	0
	0
	0
	0
	1
	0.5

	Equisetum
	NV
	N
	WR
	
	0.05
	0
	0
	0
	0
	0
	0
	0

	Eragrostis intermedia
	GC
	N
	
	
	0
	0
	0
	0
	0
	0
	1
	0

	Ericameria laricifolia
	SC
	N
	U
	
	0
	0
	0.01
	0
	0
	0.01
	0
	0

	Erigeron divergens
	GC
	N
	F
	
	0
	0
	0.01
	0
	0
	0
	0.5
	0.5

	Galium
	GC
	I
	F
	
	0
	0
	0
	0
	0
	0.01
	0
	1

	Grusonia emoryi
	SC
	N
	
	
	0
	0
	0
	0.5
	0
	0
	0
	0

	Gutierrezia sarothrae
	SC
	N
	U
	
	0
	0
	1
	0.5
	0
	0
	0.5
	0

	Hesperostipa neomexicana
	GC
	N
	U
	
	0
	0.05
	0
	0
	0
	0
	0
	0

	Heterotheca villosa
	GC
	N
	F
	
	0
	0
	0
	0
	0
	0
	0
	0.5

	Hordeum jubatum
	GC
	N
	F
	
	0
	0
	0
	40
	0
	0
	0
	0

	Hymenoclea monogyra
	SC
	N
	
	
	0
	0
	0
	0
	0
	0
	1
	0

	Juniperus monosperma
	MC
	N
	U
	
	0
	4
	0
	0
	0
	0
	0
	0

	Juniperus monosperma
	SC
	N
	U
	
	0
	2
	5
	0.5
	0
	0
	0
	0

	Juniperus monosperma
	TC
	N
	U
	
	0
	2
	0
	0
	0
	0
	0
	0

	Koeleria cristata
	GC
	
	
	
	0
	0.05
	0
	0
	0
	0
	0
	0

	Leptochloa dubia
	GC
	N
	
	
	0
	0
	2
	0
	0
	0
	0.5
	0

	Lupinus
	GC
	N
	F
	
	0
	0
	0
	0
	2
	0
	0
	0

	Machaeranthera
	GC
	N
	F
	
	0
	0
	2
	0.5
	0
	0
	3
	0

	Mimulus cardinalis
	GC
	N
	W
	
	1
	0
	0
	0
	0
	0
	0
	0

	Mimulus guttatus
	GC
	N
	W
	
	1
	0
	0
	0
	0
	2
	0
	5

	Muhlenbergia rigens
	GC
	N
	U
	
	30
	30
	0
	0
	60
	2
	1
	5

	Nasturtium officinale
	GC
	I
	W
	
	1
	0
	0
	0
	0
	0
	0
	0

	Opuntia phaeacantha
	SC
	N
	U
	
	0
	0
	0
	0.5
	0
	0
	0
	0

	Orchidaceae
	GC
	N
	WR
	
	1
	0
	0
	0
	0
	0
	0
	0

	Penstemon
	GC
	N
	U
	
	0
	0
	0
	0
	0
	0.01
	0
	0

	Penstemon cyaneus
	GC
	N
	
	
	0
	0
	0
	0.5
	0
	0
	0.5
	0

	Phacelia
	GC
	
	U
	
	0
	0
	0.1
	1
	0
	0
	0
	0

	Platanus wrightii
	BC
	N
	R
	
	0
	0
	0
	1
	0
	0
	0
	0

	Platanus wrightii
	MC
	N
	R
	
	5
	4
	5
	20
	1
	0
	0
	0

	Platanus wrightii
	SC
	N
	R
	
	0
	0
	0
	2
	0
	0
	0
	0

	Platanus wrightii
	TC
	N
	R
	
	10
	5
	5
	20
	1
	0
	0
	0

	Polypogon monspeliensis
	GC
	I
	WR
	
	0
	3
	0
	0
	5
	5
	0
	0.5

	Populus fremontii
	SC
	N
	R
	
	0.05
	0
	0
	0
	0
	0
	0
	0

	Prosopis velutina
	BC
	N
	F
	
	0
	0
	0
	0
	0
	0
	0.5
	0

	Prosopis velutina
	MC
	N
	F
	
	2
	0
	5
	1
	0
	0
	3
	0

	Prosopis velutina
	SC
	N
	F
	
	0.05
	0
	0
	0.5
	1
	0
	1
	0

	Quercus
	MC
	
	U
	
	0
	0
	0
	0
	1
	0
	0
	0

	Salix gooddingii
	BC
	N
	R
	
	1
	0
	0
	0
	1
	0
	1
	0

	Salix gooddingii
	MC
	N
	R
	
	5
	3
	0
	0
	2
	0
	5
	5

	Salix gooddingii
	SC
	N
	R
	
	10
	3
	0
	0
	2
	0
	5
	0

	Salix gooddingii
	TC
	N
	R
	
	1
	3
	0
	0
	2
	0
	5
	5

	Sphaeralcea
	GC
	N
	F
	
	0
	0.05
	1
	0.5
	0
	0
	0
	0.5

	Sporobolus cryptandrus
	GC
	N
	U
	
	0
	0
	20
	1
	0
	0
	0
	0

	Sporobolus wrightii
	GC
	N
	
	
	0.5
	0
	0
	0
	0
	0
	0
	0

	Typha
	SC
	N
	A
	
	50
	0.05
	0
	0
	1
	0.01
	0
	0

	unknown
	
	
	
	6-merous white
	0
	0.05
	0
	0
	0
	0
	0
	0

	unknown
	GC
	
	
	4-part capsule
	2
	3
	0
	0
	0
	0
	0
	0.5

	unknown
	GC
	
	
	6-merous purple
	5
	0
	0
	0
	5
	0
	0
	0

	unknown
	GC
	
	
	6-merous white
	2
	0
	0
	0
	0
	0
	0
	0

	unknown Bryophyte (moss, liverwort, hornwort)
	NV
	N
	F
	
	0
	0
	0
	0
	1
	0
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	
	
	
	Unknown Forb B
	0
	1
	0
	0
	0
	0
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	GC
	
	
	4-part capsule
	0
	0
	0
	0
	0.01
	0
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	GC
	
	
	Unknown Forb 1
	0
	0
	0
	5
	0
	0
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	GC
	
	
	Unknown Forb 2
	0
	0
	0
	0.5
	0
	0
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	GC
	
	
	Unknown Forb A
	0
	1
	0
	0
	0
	0
	0
	0

	unknown Forb, perennial
	SC
	
	
	
	0
	0
	0
	0
	0
	0
	0.5
	0

	unknown shrub
	SC
	
	
	
	0
	0
	1
	0
	0
	0
	0
	0

	Verbena
	GC
	
	F
	
	0.05
	0
	0
	0
	0
	0
	0
	0

	Zauschneria latifolia
	SC
	
	
	
	0
	0
	0.01
	0
	0
	1
	0
	0



Fauna: Surveyors collected or observed 13 terrestrial invertebrate taxa and 21 vertebrate taxa.

Table 14.5 Sam Canyon Corral Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Diptera
	Ad
	T
	Spot
	Multiple

	Diptera Asilidae
	Ad
	T
	Spot
	

	Hemiptera Cicadidae
	Ad
	T
	Spot
	Multiple

	Hemiptera Coreidae
	Ad
	T
	Spot
	Leaf footed bug

	Hymenoptera
	Ad
	T
	Spot
	Multiple

	Hymenoptera Formicidae Pogonomyrmex
	Ad
	T
	Spot
	Multiple Harvester Ants

	Lepidoptera
	Ad
	T
	Spot
	Black butterfly with blue lower tips

	Lepidoptera Lycaenidae Celastrina ladon
	
	T
	Spot
	

	Lepidoptera Papilionidae Papilio polyxenes
	Ad
	T
	Spot
	Black Swallowtail

	Odonata
	Ad
	T
	Spot
	Blue small dragonfly

	Odonata
	Ad
	T
	Spot
	Purple smallish dragonfly

	Odonata
	Ad
	T
	Spot
	Red dragonfly

	Odonata Libellulidae Libellula saturata
	Ad
	T
	Spot
	Orange Skimmer


Table 14.6 Sam Canyon Corral Spring Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	whiptail lizard
	obs
	

	coyote
	sign
	scat down drainage

	Wilson's warbler
	obs
	

	White-winged dove
	obs
	

	Fox
	sign
	

	Vermilion Flycatcher
	obs
	

	western kingbird
	obs
	

	black-chinned hummingbird
	obs
	

	tree lizard
	obs
	

	Coues white-tailed deer
	sign
	

	American black bear
	sign
	

	javelina
	sign
	

	bighorn sheep
	sign
	

	Western Diamond-backed Rattlesnake
	obs
	

	Gambel's quail
	obs
	

	house finch
	obs
	

	Eastern fence lizard
	obs
	

	woodpecker
	obs
	western woodpecker

	mourning dove
	obs
	

	Desert grassland whiptail lizard
	obs
	

	turkey vulture
	obs
	



Assessment: Assessment scores were compiled in 6 categories and 38 subcategories, with 4 null condition scores, and 4 null risk scores. Aquifer functionality and water quality are good with significant restoration potential (average condition score 4.4) and there is low risk (average risk score 2.2). Geomorphology condition is very good with excellent restoration potential (average condition score 5.4) and there is negligible risk (average risk score 1.8). Habitat condition is good with significant restoration potential (average condition score 4.2) and there is low risk (average risk score 2.4). Biotic integrity is very good with excellent restoration potential (average condition score 5.4) and there is low risk (average risk score 1.9). Human influence of site is very good with excellent restoration potential (average condition score 5.8) and there is low risk (average risk score 2.4). Administrative context status is moderate with some restoration potential and there is negligible risk. Overall, the site condition is very good with excellent restoration potential and there is low risk. 






Table 14.7 Sam Canyon Corral Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	4.4
	2.2

	Geomorphology
	5.4
	1.8

	Habitat
	4.2
	2.4

	Biota
	5.4
	1.9

	Human Influence
	5.8
	2.4

	Administrative Context
	3.7
	1.6

	Overall Ecological Score
	4.9
	2.1



Management Recommendations: The grazing allotment is under review (2015).  The allotment has not been grazed for several years.  Sam Canyon is used as a gathering corral. The wetland receives substantial impact when the fence corral is in use. The wetland needs to be fenced off.  It supports a number of sensitive plants including cardinal flower and an orchid (not yet identified).
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Fig 14.2 Sam Canyon Corral Spring Sketchmap.
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Fig 14.3 Sam Canyon Corral Spring: Aerial view of the Sam Canyon Corral microhabitats.
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Fig 14.4 Sam Canyon Corral Spring: Microhabitat C: the calf pen.
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Fig 14.5 Sam Canyon Corral Spring: Microhabitat D:  Sycamore Park campground.
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Fig 14.6 Sam Canyon Corral Spring: Microhabitat E:  the eastern drainage dominated by Muhly.
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Fig 14.7 Sam Canyon Corral Spring: Microhabitat F:  the western pool outside the exclosure.
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Fig 14.8 Sam Canyon Corral Spring: Microhabitat G:  Overflow channel.
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Fig 14.9 Sam Canyon Corral Spring: Microhabitat H: Bedrock seep.
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Fig 14.10 Sam Canyon Corral Spring: Aerial view of Sam Canyon.
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15. Sam Canyon Corral Spring, 9/14/15
Survey Summary Report, Site ID 175509
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Sam Canyon Corral Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Ash Creek Ranch USGS Quad, at 33.25600, -110.04279 measured using aerial imagery (WGS84). The elevation is approximately 1303 meters. Jony Cockman verified the site on 9/14/15. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 1 protocol.

Physical Description: Sam Canyon Corral Spring is a rheocrene/gushet spring. This site includes two seep points inside a wildlife exclosure at the corrals. 

Geomorphology: Sam Canyon Corral Spring emerges as a fracture from an igneous rock layer. The emergence environment is subaerial, with an artesian flow force mechanism. The site receives approximately 12% of available solar radiation, with 813 Mj annually.

Access Directions: Sam Canyon Corral is about 4.5 miles from the ranch headquarters.  Proceed on the middle fork toward Dry Knife Spring.  About 1.65 miles west of Dry Knife you will enter a significant drainage.  Switch back at the bottom of the drainage south 0.1 miles to Sam Canyon Corral.  The heart of the spring system is in the holding pen/corral complex.

Flow: Surveyors measured a flow of 0.14 liters/second, using a timed flow volume capture method. 

Table 15.1 Sam Canyon Corral Spring Water Quality Measurements.
	Characteristic Measured
	Value
	Device

	Dissolved oxygen (field) (mg/L)
	8.36
	Hanna

	pH (field)
	7.55
	Hanna

	Salinity (field) (ppt)
	0.184
	Hanna

	Specific conductance (field) (μS/cm)
	360
	Hanna

	Temperature, water C
	15.66
	Hanna
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Survey Summary Report, Site ID 175509
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Sam Canyon Corral Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Ash Creek Ranch USGS Quad, at 33.25600, -110.04279 measured using aerial imagery (WGS84). The elevation is approximately 1303 meters. Dillon Hancock surveyed the site on 8/02/16 and collected data in 1 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the PFC lotic protocol.

Physical Description: Sam Canyon Corral Spring is a rheocrene/gushet spring. This site includes two seep points inside a wildlife exclosure at the corrals. 

Geomorphology: Sam Canyon Corral Spring emerges as a fracture from an igneous rock layer. The emergence environment is subaerial, with an artesian flow force mechanism. The site receives approximately 12% of available solar radiation, with 813 Mj annually.

Access Directions: Sam Canyon Corral is about 4.5 miles from the ranch headquarters.  Proceed on the middle fork toward Dry Knife Spring.  About 1.65 miles west of Dry Knife you will enter a significant drainage.  Switch back at the bottom of the drainage south 0.1 miles to Sam Canyon Corral.  The heart of the spring system is in the holding pen/corral complex.
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Survey Summary Report, Site ID 175509
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Sam Canyon Corral Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Ash Creek Ranch USGS Quad, at 33.25600, -110.04279 measured using aerial imagery (WGS84). The elevation is approximately 1303 meters. Heidi Blanketship and Jony Cockman verified the site on 6/04/19. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 1 protocol.

Physical Description: Sam Canyon Corral Spring is a rheocrene/gushet spring. This site includes two seep points inside a wildlife exclosure at the corrals. 

Geomorphology: Sam Canyon Corral Spring emerges as a fracture from an igneous rock layer. The emergence environment is subaerial, with an artesian flow force mechanism. The site receives approximately 12% of available solar radiation, with 813 Mj annually.

Access Directions: Sam Canyon Corral is about 4.5 miles from the ranch headquarters.  Proceed on the middle fork toward Dry Knife Spring.  About 1.65 miles west of Dry Knife you will enter a significant drainage.  Switch back at the bottom of the drainage south 0.1 miles to Sam Canyon Corral.  The heart of the spring system is in the holding pen/corral complex.

Flow: Surveyors measured a flow of 7.4 liters/second, using a timed flow volume capture method. Flow was adjusted for an estimate of 75% of site flow capture. 

Water Quality: Sampling site 1 was in the bedrock seep (microhabitat H) in the pool in a crevice. Sampling site 2 was in the drainage inside the exclosure and corral in a natural pool in the cattail thicket (microhabitat A). Location 1: down-gradient from the spring source in standing water. Location 2: in a pool in standing water.







Table 17.1 Sam Canyon Corral Spring Water Quality Measurements.
	Characteristic Measured
	Value
	Location Number

	Dissolved Solids (field) (ppt)
	0.424
	1

	pH (field)
	7.34
	1

	Salinity (field) (ppt)
	0.291
	1

	Specific conductance (field) (μS/cm)
	604
	1

	Temperature, water C
	20.7
	1

	Dissolved Solids (field) (ppt)
	0.377
	2

	pH (field)
	7.25
	2

	Salinity (field) (ppt)
	0.259
	2

	Specific conductance (field) (μS/cm)
	528
	2

	Temperature, water C
	24.4
	2



Fauna: Surveyors collected or observed 3 aquatic and 18 terrestrial invertebrate taxa and 17 vertebrate taxa.

Table 17.2 Sam Canyon Corral Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Count
	Species Detail

	Coleoptera Lampyridae
	Ad
	T
	Spot
	
	

	Diptera
	Ad
	T
	Spot
	50
	

	Diptera
	Ad
	T
	Spot
	
	big nasty fly

	Diptera Ceratopogonidae
	Ad
	T
	Spot
	
	no see ums

	Diptera Nematocera
	Ad
	T
	Spot
	
	gnats

	Hemiptera Belostomatidae
	
	A
	Spot
	
	toebiter

	Hemiptera Corixidae
	Ad
	A
	Spot
	10
	boatman in water

	Hemiptera Gerridae
	Ad
	A
	Spot
	100
	water striders

	Hymenoptera Apidae
	Ad
	T
	Spot
	7
	7 or more bees

	Hymenoptera Pompilidae
	Ad
	T
	Spot
	1
	tarantula hawk

	Hymenoptera Vespidae Vespula
	Ad
	T
	Spot
	1
	yellow abdomen wasp

	Lepidoptera
	Ad
	T
	Spot
	1
	white moth

	Lepidoptera Nymphalidae Danaus gilippus
	Ad
	T
	Spot
	1
	queen butterfly

	Lepidoptera Nymphalidae Vanessa atalanta
	Ad
	T
	Spot
	
	red admiral butterfly

	Lepidoptera Papilionidae Battus philenor
	Ad
	T
	Spot
	2
	

	Lepidoptera Pieridae
	Ad
	T
	Spot
	1
	small orange and yellow butterfly

	Lepidoptera Pieridae
	Ad
	T
	Spot
	1
	white butterfly

	Lepidoptera Pieridae
	Ad
	T
	Spot
	2
	yellow

	Odonata
	Ad
	T
	Spot
	2
	blue dragonfly

	Odonata
	Ad
	T
	Spot
	2
	clearwinged black dragonfly

	Odonata Libellulidae Libellula saturata
	Ad
	T
	Spot
	2
	bright orange dragonflies




Table 17.3 Sam Canyon Corral Spring Vertebrates.
	Vertebrate Species Common Name
	Count
	Detection
	Comments

	Brown-crested Flycatcher
	3
	obs
	

	Gambel's Quail
	2
	obs
	

	Mourning Dove
	4
	obs
	

	Turkey Vulture
	
	obs
	

	Lizard
	
	obs
	

	Canyon Wren
	
	obs
	

	Red-tailed Hawk
	
	obs
	

	Common Black Hawk
	
	obs
	

	Elf Owl
	
	call
	audio PM

	western diamond-backed rattlesnake
	
	obs
	

	Skunk
	2
	obs
	scent

	Coyote
	
	sign
	scat

	Deer
	
	sign
	tracks

	Common Poorwill
	
	call
	audio PM 

	Bat
	
	
	

	Great Horned Owl
	
	
	

	Lesser Nighthawk
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Location: The Van Winkle Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Bylas USGS Quad, at 33.22726, -110.04096 measured using a GPS (WGS84, estimated position error 9 meters). The elevation is approximately 1144 meters. Kyle Tate, Shawn Nelson, and Aaron Beckworth surveyed the site on 6/04/14 for 02:45 hours, beginning at 11:00, and collected data in 6 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

Physical Description: Van Winkle Spring is a hillslope spring. This is a site that has very minimal flow and the evidence is in a small hole in the side of a hill through the roots of a large tree. The microhabitats associated with the spring cover 424.06 sqm. The site has 2 microhabitats, including A -- a 7 sqm colluvial slope, B -- a 417 sqm channel. The geomorphic diversity is 0.04, based on the Shannon-Weiner diversity index.

Table 18.1 Van Winkle Spring Microhabitat characteristics.
	Code
	A
	B

	Name
	Seeping face
	Cottonwood grove

	Area sqm
	7.06
	417

	Surface type
	CS
	CH

	Surface subtype
	
	eph

	Slope variability
	High
	High

	Slope degrees
	9
	10

	Moisture (scale 1-10)
	2
	1

	Water depth cm
	0
	0

	Substrate
	
	

	1 - Clay %
	1
	1

	2 - Silt %
	24
	9

	3 - Sand %
	30
	25

	4 - Fine gravel %
	15
	20

	5 - Coarse gravel %
	5
	13

	6 - Cobble %
	2
	13

	7 - Boulder %
	0
	12

	8 - Bedrock %
	23
	7

	Organic %
	0
	0

	Other % (anthropogenic)
	0
	0

	Precipitate %
	35
	0

	Litter %
	5
	60

	Wood %
	2
	15

	Litter Depth (cm)
	.5
	4


Geomorphology: Van Winkle Spring emerges as a seepage or filtration from an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 11% of available solar radiation, with 768 Mj annually.

Survey Notes: This site is drying out and had evidence of bears looking for water. 

Flora: Surveyors identified 1 plant species at the site, with 0.0024 species/sqm. These included 1 native and 0 nonnative species.  

Table 18.2 Van Winkle Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	0
	0

	Shrub
	0
	0

	Mid-canopy
	1
	1

	Tall canopy
	1
	1

	Basal
	1
	1

	Aquatic
	0
	0

	Non-vascular
	0
	0



Table 18.3 Van Winkle Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B

	Populus fremontii
	BC
	N
	R
	15
	3

	Populus fremontii
	MC
	N
	R
	0
	5

	Populus fremontii
	TC
	N
	R
	10
	20



Fauna: Surveyors collected or observed 1 terrestrial invertebrate taxon and 2 vertebrate taxa.

Table 18.4 Van Winkle Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method

	Lepidoptera Nymphalidae Limenitis weidemeyerii
	Ad
	T
	Spot



Table 18.5 Van Winkle Spring Vertebrates.
	Vertebrate Species Common Name
	Detection
	Comments

	bobcat
	sign
	tracks

	American black bear
	sign
	track and scat





Assessment: Assessment scores were compiled in 5 categories and 25 subcategories, with 17 null condition scores, and 20 null risk scores. Aquifer functionality and water quality are very poor with very limited restoration potential (average condition score 1.8) and there is extreme risk (average risk score 6). Geomorphology condition is good with significant restoration potential (average condition score 4.6) and there is low risk (average risk score 2.4). Habitat condition is good with significant restoration potential (average condition score 4) and there is moderate risk (average risk score 3). Biotic integrity is moderate with some restoration potential (average condition score 3) and there is undetermined risk due to null scores (average risk score 0). Human influence of site is very good with excellent restoration potential (average condition score 5.3) and there is negligible risk (average risk score 1). Overall, the site condition is good with significant restoration potential and there is moderate risk. 

Table 18.6 Van Winkle Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	1.8
	6

	Geomorphology
	4.6
	2.4

	Habitat
	4
	3

	Biota
	3
	0

	Human Influence
	5.3
	1

	Overall Ecological Score
	4
	3
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19. Walnut Cleave Spring, 7/09/14
Survey Summary Report, Site ID 164157
Submitted 5/13/21 by Springs Stewardship Institute

Location: The Walnut Cleave Spring ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Gila Peak USGS Quad, at 33.21592, -109.96813 measured using a GPS (NAD27, estimated position error 37 meters). The elevation is approximately 1465 meters. Jony Cockman, Kyle Tate, Aaron Beckworth, and Alice Boughan surveyed the site on 7/09/14 for 02:00 hours, beginning at 11:00, and collected data in 8 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

[image: ]
Fig 19.1 Walnut Cleave Spring: Overview of the site.

Physical Description: Walnut Cleave Spring is a hanging garden spring. Seepage emerges from a long, high gradient creek located on a cliff face with a densely vegetated catchment bowl. The microhabitats associated with the spring cover 1080 sqm. The site has 3 microhabitats, including A -- a 80 sqm backwall, B -- a 400 sqm channel, C -- a 600 sqm channel. The geomorphic diversity is 0.39, based on the Shannon-Weiner diversity index.

Table 19.1 Walnut Cleave Spring Microhabitat characteristics.
	Code
	A
	B
	C

	Name
	Hanging Garden Outcrop
	Catchment Basin
	Channel Egress

	Area sqm
	80
	400
	600

	Surface type
	BW
	CH
	CH

	Surface subtype
	
	eph
	eph

	Slope variability
	Low
	Low
	Med

	Aspect TN
	220
	220
	220

	Slope degrees
	80
	3
	15

	Moisture (scale 1-10)
	4
	2
	1

	Water depth cm
	.1
	0
	0

	Area % open water
	20
	0
	0

	Substrate
	
	
	

	1 - Clay %
	0
	5
	0

	2 - Silt %
	0
	10
	0

	3 - Sand %
	0
	15
	0

	4 - Fine gravel %
	0
	20
	5

	5 - Coarse gravel %
	0
	20
	5

	6 - Cobble %
	0
	20
	5

	7 - Boulder %
	0
	10
	5

	8 - Bedrock %
	100
	0
	50

	Organic %
	0
	0
	30

	Other % (anthropogenic)
	0
	0
	0

	Precipitate %
	65
	0
	0

	Litter %
	.05
	50
	20

	Wood %
	.05
	20
	10

	Litter Depth (cm)
	.05
	10
	10



Geomorphology: Walnut Cleave Spring emerges as a fracture from the Tertiary volcanic, an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 32% of available solar radiation, with 2245 Mj annually.

Survey Notes: This site shows signs of prolonged drought and the hanging gardens are shrinking. 

Flow: Minor flows emerged from cracks in cliffs as well as the main discharge in the hanging garden. This spring is ephemeral. Surveyors were unable to measure flow because the outflow was too diffuse to capture.

Water Quality: There was not enough water at the site to measure water quality. 

Flora: Surveyors identified 30 plant species at the site, with 0.0278 species/sqm. These included 24 native and 2 nonnative species; the native status of 4 species remains unknown.  

Table 19.2 Walnut Cleave Spring Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	13
	2

	Shrub
	13
	3

	Mid-canopy
	6
	3

	Tall canopy
	2
	1

	Basal
	3
	1

	Aquatic
	0
	0

	Non-vascular
	5
	1



Table 19.3 Walnut Cleave Spring Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	Comments
	A
	B
	C

	Anaphalis margaritacea
	GC
	N
	U
	
	0.01
	0
	0

	Anaphalis margaritacea
	GC
	N
	U
	entire leafed
	0
	0.01
	0

	Aquilegia chrysantha
	GC
	N
	W
	
	1
	1
	0

	Asclepias
	GC
	N
	F
	high up in hanging garden
	0.01
	0
	0

	Asteraceae
	GC
	NI
	
	
	0
	10
	0

	Brickellia californica
	SC
	N
	U
	
	0.01
	0
	0

	Bromus rubens
	GC
	I
	U
	
	0
	0.01
	0

	Celtis reticulata
	BC
	N
	F
	
	0
	0
	0.01

	Celtis reticulata
	MC
	N
	F
	
	0
	0
	10

	Celtis reticulata
	SC
	N
	F
	
	0.01
	0
	5

	Celtis reticulata
	TC
	N
	F
	
	0
	0
	10

	Dasylirion wheeleri
	SC
	N
	
	
	0.01
	0.01
	0.01

	Ericameria laricifolia
	SC
	N
	U
	
	0.01
	0.01
	0

	Frangula californica
	MC
	N
	U
	
	0
	3
	0

	Frangula californica
	SC
	N
	U
	
	0
	5
	0

	Galium
	GC
	I
	F
	
	0.01
	0
	0

	Juglans major
	BC
	N
	R
	
	0
	1
	0.01

	Juglans major
	MC
	N
	R
	
	0
	10
	10

	Juglans major
	SC
	N
	R
	
	0
	3
	0.01

	Juglans major
	TC
	N
	R
	
	0
	50
	20

	Leptochloa dubia
	GC
	N
	
	
	0.01
	0
	0

	Lichen
	NV
	N
	U
	gray
	30
	0
	0

	Lichen
	NV
	N
	U
	Gray
	30
	0
	0

	Lichen
	NV
	N
	U
	orange
	5
	0
	0

	Lichen
	NV
	N
	U
	whitish gray, flat
	0
	2
	0

	Lolium
	GC
	
	
	
	0.01
	0.01
	0

	Muhlenbergia rigens
	GC
	N
	U
	
	0.01
	0.01
	0

	Pinus edulis
	SC
	N
	U
	
	0
	0.01
	0

	Prunus serotina
	BC
	N
	F
	
	0
	0.01
	0.01

	Prunus serotina
	MC
	N
	F
	
	0
	5
	5

	Prunus serotina
	SC
	N
	F
	
	0
	20
	5

	Rhamnus betulifolia
	MC
	N
	WR
	
	0
	3
	25

	Rhamnus betulifolia
	SC
	N
	WR
	
	1
	5
	25

	Stachys coccinea
	GC
	N
	
	
	1
	3
	0

	unknown
	SC
	
	
	unknown shrub
	0.01
	0
	0

	unknown Forb (herbaceous, not grass nor grasslike)
	GC
	
	
	
	0.01
	0
	0

	unknown moss
	NV
	N?
	WR
	
	0.01
	0.01
	0

	Vitis arizonica
	GC
	N
	R
	
	0.01
	5
	0

	Vitis arizonica
	MC
	N
	R
	
	0
	5
	10

	Vitis arizonica
	SC
	N
	R
	
	0
	5
	10

	Yucca
	SC
	N
	U
	
	0
	0.01
	0

	Zauschneria latifolia
	SC
	
	
	
	0
	0.01
	0



Fauna: Surveyors collected or observed 7 terrestrial invertebrate taxa.

Table 19.4 Walnut Cleave Spring Invertebrates.
	Species
	Lifestage
	Habitat
	Method
	Species Detail

	Diptera
	Ad
	T
	Spot
	flies

	Hemiptera Coreidae
	Ad
	T
	Spot
	leaf footed bug

	Hymenoptera Apidae
	Ad
	T
	Spot
	bees

	Hymenoptera Formicidae
	Ad
	T
	Spot
	red ants

	Hymenoptera Vespidae
	Ad
	T
	Spot
	wasps

	Lepidoptera Papilionidae Papilio
	Ad
	T
	Spot
	black swallowtail

	Mantodea Mantidae
	Ad
	T
	Spot
	praying mantis








Assessment: Assessment scores were compiled in 6 categories and 38 subcategories, with 4 null condition scores, and 12 null risk scores. Aquifer functionality and water quality are moderate with some restoration potential (average condition score 3.2) and there is low risk (average risk score 2.2). Geomorphology condition is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Habitat condition is good with significant restoration potential (average condition score 4.4) and there is negligible risk (average risk score 1). Biotic integrity is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Human influence of site is excellent with no need for restoration (average condition score 6) and there is negligible risk (average risk score 1). Overall, the site condition is very good with excellent restoration potential and there is negligible risk. 

Table 19.5 Walnut Cleave Spring Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	3.2
	2.2

	Geomorphology
	6
	1

	Habitat
	4.4
	1

	Biota
	6
	1

	Human Influence
	6
	1

	Administrative Context
	5.4
	0

	Overall Ecological Score
	5.3
	1.2



Management Recommendations: The aquifer may be depleted due to prolonged drought.

[image: ]
Fig 19.2 Walnut Cleave Spring Sketchmap.

[image: ]
Fig 19.3 Walnut Cleave Spring: Surveyors stand in front of the hanging garden, facing downstream toward the photographer.
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Submitted 5/13/21 by Springs Stewardship Institute

Location: The Walnut Tributary Seeps ecosystem is located in Graham County in the Upper Gila-San Carlos Reservoir Arizona 15040005 HUC, managed by the US Bureau of Land Management. The spring is located in the Bureau of Land Management AZ, in the Gila Peak USGS Quad, at 33.21347, -109.97361 measured using a GPS (NAD27, estimated position error 3 meters). The elevation is approximately 1361 meters. Jony Cockman, Aaron Beckworth, and Kyle Tate surveyed the site on 7/07/14 for 01:25 hours, beginning at 15:50, and collected data in 8 of 10 categories. This survey was conducted under the Diamond Bar Portfolio project using the Stevens et al. Level 2 protocol.

[image: ]
Fig 20.1 Walnut Tributary Seeps.

Physical Description: Walnut Tributary Seeps is a rheocrene spring. This site contains two small seeps within a channel dominated by Deer Muhley. The microhabitats associated with the spring cover 320 sqm. The site has 3 microhabitats, including A -- a 10 sqm channel, B -- a 10 sqm backwall, C -- a 300 sqm channel. The geomorphic diversity is 0.12, based on the Shannon-Weiner diversity index.

Table 20.1 Walnut Tributary Seeps Microhabitat characteristics.
	Code
	A
	B
	C

	Name
	Upper Seep
	Lower Seep
	Channel

	Area sqm
	10
	10
	300

	Surface type
	CH
	BW
	CH

	Surface subtype
	eph
	
	eph

	Slope variability
	Low
	Low
	

	Slope degrees
	3
	90
	3

	Moisture (scale 1-10)
	6
	4
	1

	Water depth cm
	0
	0
	0

	Area % open water
	10
	20
	0

	Substrate
	
	
	

	1 - Clay %
	0
	0
	0

	2 - Silt %
	0
	0
	5

	3 - Sand %
	5
	0
	20

	4 - Fine gravel %
	20
	0
	20

	5 - Coarse gravel %
	20
	0
	20

	6 - Cobble %
	15
	0
	15

	7 - Boulder %
	15
	0
	10

	8 - Bedrock %
	5
	100
	10

	Organic %
	0
	0
	0

	Other % (anthropogenic)
	0
	0
	0

	Precipitate %
	0
	0
	0

	Litter %
	60
	0
	45

	Wood %
	3
	0
	5

	Litter Depth (cm)
	7
	
	3



Geomorphology: Walnut Tributary Seeps emerges as a fracture from the Tertiary volcanic, an igneous, rhyolite rock layer. The emergence environment is subaerial, with a gravity flow force mechanism. The site receives approximately 13% of available solar radiation, with 893 Mj annually.

Survey Notes: There is a sycamore in the lower seep (microhabitat A) and water stains on the rocks that indicate seasonal flow. 

Flow: This spring is ephemeral, with a neorefugium persistence. 

Flora: Surveyors identified 42 plant species at the site, with 0.1312 species/sqm. These included 35 native and 1 nonnative species; the native status of 6 species remains unknown.  




Table 20.2 Walnut Tributary Seeps Cover Type.
	Cover Type
	Species Count
	Wetland Species Count

	Ground
	15
	3

	Shrub
	18
	2

	Mid-canopy
	5
	1

	Tall canopy
	2
	1

	Basal
	2
	0

	Aquatic
	2
	2

	Non-vascular
	0
	0



Table 20.3 Walnut Tributary Seeps Vegetation % Cover in Microhabitats.
	Plant Species
	Cover Code
	Native Status
	Wetland Status
	A
	B
	C

	Acacia greggii
	SC
	N
	F
	0
	0
	0.05

	Adiantum capillus-veneris
	GC
	N
	W
	0
	0
	0.05

	Anaphalis margaritacea
	GC
	N
	U
	0
	0
	0.05

	Anisacanthus thurberi
	SC
	N
	
	0
	0
	0.05

	Aquilegia
	GC
	N
	W
	2
	0
	0

	Artemisia
	GC
	N
	U
	0
	0.05
	1

	Asteraceae
	GC
	NI
	
	0
	0
	2

	Bothriochloa saccharoides
	GC
	
	
	0
	0
	0.05

	Bouteloua gracilis
	GC
	N
	U
	0
	0
	0.05

	Bromus rubens
	GC
	I
	U
	0
	0
	1

	Carex aquatilis
	AQ
	N
	W
	5
	0
	0

	Celtis reticulata
	MC
	N
	F
	0
	0
	1

	Celtis reticulata
	SC
	N
	F
	0
	0
	1

	Cirsium
	GC
	NI
	F
	0
	0
	0.05

	Condalia
	SC
	
	
	0
	0
	0.05

	Dasylirion wheeleri
	SC
	N
	
	0
	0
	1

	Eragrostis intermedia
	GC
	N
	
	0
	0
	0.05

	Ericameria laricifolia
	SC
	N
	U
	0
	0
	0.05

	Eriogonum
	SC
	N
	F
	0
	0
	0.05

	Euphorbia
	GC
	
	U
	0
	0.05
	0

	Frangula californica
	SC
	N
	U
	0
	1
	2

	Galium
	GC
	N
	
	0
	0
	0.05

	Hymenoclea
	SC
	
	R
	0
	1
	0.05

	Ilex
	SC
	
	
	0
	0
	0.05

	Juniperus monosperma
	BC
	N
	U
	0
	0
	1

	Juniperus monosperma
	MC
	N
	U
	50
	5
	10

	Juniperus monosperma
	SC
	N
	U
	0
	2
	5

	Lamiaceae
	GC
	N?
	
	0
	0
	0.05

	Muhlenbergia rigens
	GC
	N
	U
	50
	25
	75

	Opuntia phaeacantha
	SC
	N
	U
	0
	0
	0.05

	Pinus edulis
	BC
	N
	U
	0
	0
	0.01

	Pinus edulis
	MC
	N
	U
	0
	0
	2

	Pinus edulis
	TC
	N
	U
	0
	0
	3

	Platanus wrightii
	TC
	N
	R
	60
	0
	0

	Prosopis velutina
	MC
	N
	F
	0
	0
	5

	Prosopis velutina
	SC
	N
	F
	0
	0
	1

	Quercus chrysolepis
	SC
	N
	F
	0
	0
	5

	Rhamnus betulifolia
	MC
	N
	WR
	0
	0
	1

	Rhamnus betulifolia
	SC
	N
	WR
	0
	0
	1

	Rhus trilobata
	SC
	N
	F
	0
	0
	1

	Typha
	AQ
	N
	W
	0
	25
	0.05

	unknown moss
	GC
	N?
	WR
	0
	3
	1

	Vicia
	SC
	NI
	F
	2
	0
	0

	Zauschneria latifolia
	SC
	
	
	1
	1
	0.1



Fauna: Surveyors collected or observed 5 terrestrial invertebrate taxa and 4 vertebrate taxa.

Table 20.4 Walnut Tributary Seeps Invertebrates.
	Species
	Lifestage
	Habitat
	Method

	Diptera
	Ad
	T
	Spot

	Hemiptera Cicadidae
	Ad
	T
	Spot

	Hemiptera Coreidae
	Ad
	T
	Spot

	Hymenoptera Formicidae
	Ad
	T
	Spot

	Lepidoptera Nymphalidae Adelpha bredowii
	Ad
	T
	Spot



Table 20.5 Walnut Tributary Seeps Vertebrates.
	Vertebrate Species Common Name
	Count
	Detection

	turkey vulture
	
	obs

	black-tailed rattlesnake
	1
	obs

	Tree Lizard
	
	obs

	Desert Grassland Whiptail Lizard
	
	obs



Assessment: Assessment scores were compiled in 6 categories and 41 subcategories, with 1 null condition scores, and 12 null risk scores. Aquifer functionality and water quality are very poor with very limited restoration potential (average condition score 0.8) and there is moderate risk (average risk score 3). Geomorphology condition is good with significant restoration potential (average condition score 4.8) and there is negligible risk (average risk score 1.4). Habitat condition is good with significant restoration potential (average condition score 4.2) and there is negligible risk (average risk score 1). Biotic integrity is very good with excellent restoration potential (average condition score 5.7) and there is negligible risk (average risk score 1). Human influence of site is very good with excellent restoration potential (average condition score 5.3) and there is negligible risk (average risk score 1). Overall, the site condition is good with significant restoration potential and there is negligible risk. 

Table 20.6 Walnut Tributary Seeps Assessment Scores. Condition scores range from 0 (extremely poor condition) to 6 (pristine condition) and risk scores range from 0 (no risk to the site) to 6 (extreme risk to the site). 
	Category
	Condition
	Risk

	Aquifer Functionality & Water Quality
	0.8
	3

	Geomorphology
	4.8
	1.4

	Habitat
	4.2
	1

	Biota
	5.7
	1

	Human Influence
	5.3
	1

	Administrative Context
	3.8
	0

	Overall Ecological Score
	4.3
	1.4



Management Recommendations: The aquifer may be depleted due to prolonged drought.
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Fig 20.2 Walnut Tributary Seeps Sketchmap.
[image: ]
Fig 20.3 Walnut Tributary Seeps: Aerial image.
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Fig 20.4 Walnut Tributary Seeps: Seep pocket 1 (microhabitat A).

[image: ]
Fig 20.5 Walnut Tributary Seeps: Seep pocket 2 (microhabitat B).
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